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ABSTRACT

The City of West Monroe in Louisiana received a grant through the United States
Environmental Protection Agency, Section 319 National Monitoring Program. The
primary purpose of this study is to examine the performance of an urban wetland in
pollutant removal from stormwater runoff. The wetland is located along Interstate 20
mside the city limits. The sub-watershed of the Black Bayou drainage area is
approximately 900 acres. The wetland is located on the outlet of the sub-watershed. The‘
sub-watershed was divided up into four different land uses: construction, residential,
wetlénd, and commercial. The project began February 1, 1998 and continued to
December 31, 1999. Rainfall and flow data were monitored for this time period. Sample
were collected for 30 rain events, 7 were discarded due to silt build-up on the flowmeter
or sampler problems. Discrete and composite samples weré analyzed for TSS, COD, TP,
NO,, NH,, TKN, BOD, oil and grease, fecal coliforms, 11 heavy metals, and TOC.,

Clearing and construction for a commercial park caused large amounts of silt to
runoff during 1998. This caused silt build-up on the flowmeter at the inlet_to the wetland
causing inaccurate flow measurements. Basin efficiency for 1998 had more pollutants
going out of the wetland than coming in. Basin efficiency increased to 51% for TSS in
1999, due to construction completion causing decrease of silt in the runoff, also the inlet
to the basin was dredged at this time, which allowed better flow of water. Monitoring of
four different land uses did not statistically result in any significant difference for

pollutants discharged from each land use.



INTRODUCTION

1.1 Background

In 1993, Louisiana’s Nonpoint Source Management Program conducted a series
of wofkshops on urban nonpoint pollution. These workshops discussed the types of
nonpaint source pallution problems in certain areas of the state, and provided information
on what steps should be taken to alleviate these problems through implementing best
management practices and educational programs. As a result of these workshops, the City ’
of West Monroe submitted a project for funding through the United States Environmental
Protection Agency (USEPA), Section 319 National Monitoring Program. The objectives
of Section 319. are to provide accurate documentation for controlling nonpoint sources, to
imprave the technical understanding of nonpoint source pollution, and to show the
effectiveness of nonpoint source control technology and approaches. These objectives
are to be achieved through intensive monitoring and evaluation of a subset of watershed
projects funded under Section 319 (EPA, 1997). Section 319 provides the framework for
funding State and local efforts to address pollutant sources not addressed by the National
Poilutant Discharge Elimination System (NPDES) program.

Consideration of nonpoint pollution control as well as flood control needs to be
addressed when implementing a stormwater pollution prevention program. Louisiana
receives a large amount of rainfall, so discussion of waler quality must include flood
control, drainage, and pollution prevention,

| The Black Bayou Watershed encompasses 6430 acres, includes the City of West

Monroe and drains into the Cheniere Brake Lake and the Quachita River. The 1994
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Figure 3: Map of Black Bayou Sub-Watershed



Two inlets into the basin were identified, one from the construction site, called
Site 4 (Construction) and the other from a residential area north of Interstate 20 identified
as Site 3 (Residential). The Site 4 (Construction) watershed drainage area is
approximately 709 acres of which 270 acres drain from north of Interstate 20 east of Well
Road and west of Downing Pines Road. The area north of the Interstate is primarily

residential with some commercial use. Figures 4 and 5 are different views of Site 4

(Construction) north of the Interstate.

Figure 4: View from Well Road Site 4 (Construction) North of Interstate 20

Figure 5: View of Site 4 (Construction) North of Interstate 20 from Downing Pines Road



The other 438 acres were once an old abandoned gravel pit that had naturally
grown into a forested area. This acreage lies south of Interstate 20, and east of Well Road
and west of Downing Pines Road. The same month that this project began, the forested
site was logged, ponds were drained, and leveling of the land began for construction of a
commercial park. Figures 6 and 7 are views of Site 4 (Construction) south of Interstate

20.

Figure 6: View of Site 4 (Construction) from Downing Pines Road south of Interstate 20

Figure 7: View of Site 4 (Construction) south of Interstate 20



The other inlet to the basin is labeled Site 3 (Residential); this inlet drains an area
on the north side of Interstate 20, east of Downing Pines Road. This land use is mostly
residential with some drainage from Interstate 20. The watershed area from Site 3
(Residential) is 43 acres in size. Figure 8 is the view of Site 3 (Residential) from

Downing Pines Road.

Figure 8: View of Site 3 (Residential) north of Interstate 20

The outlet of the Black Bayou sub-watershed is called Site 2 (Wetland). This
contains the stormwater detention basin. Site 2 (Wetland) drainage area is approximately
135 acres, with the detention basin being approximately 50 acres of the 135. Figure 9 is

the view of the inlet to the basin.




Figure 9: View of Site 2 (Wetland) inlet to detention basin

Site 3 (Resldential)

& Sampler 3

Constitution Drive e
=7 Sampler 2

Figure 10: Close-up map of sites 1, 2, and 3.
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Site 1 (Commercial) is storm drainage from Constitution Drive and commercial
parking lots located west of the outlet on the south side of Interstate 20. It measures
approximately 24 acres. Site 1 (Commercial) drains directly into the outfall of Site 2

(Wetland) bypassing the detention basin. Figure 11 is the view of Site | (Commercial).

Figure 11: View of Site 1 (Commercial)



2.2 Sampling Methods

2.2.1 Rainfall Measurement
Four American Sigma 900 max all weather, refrigerated samplers were installed
at each site. Aluminum buildings were constructed to protect the samplers from weather

and vandals. Figure 12 is a photograph of a sampler building with rain gage. Power and

YL A
p s '

Figre 12: View 0f stpiee Duilding with rain gage
lights were available in each building. A tipping-bucket rain gage was installed on top of
the aluminum building at the outlet of the basin, Site 2 (Wetland). Increments of 0.01
inches of rainfall cause the bucket to tip, triggering a signal to the sampler that counted
the bucket tips and recorded rainfall. The rain gage was programmed to record the
average rainfall that occurred in 5-minute intervals. The rainfall data would then be

downloaded to a portable computer after each rain event.



2.2.2 Flow Measurement

Flow measurements were taken by American Sigma flowmeters. These
flowmeters use an area velocity submerged sensor, which uses the Doppler method of
velocity measurement. The velocity probe sends sound waves through the flow and
measures the amount of time it takes for the signal to be reflected back to the probe.
Flowrate is then calculated based on the depth of the water and the velocity of the flow in
the channel at that point in time. The dimensions and geometry of the channel are
programmed into the flowmeter during calibration (American Sigma, 1996). The
expression to calculate flowrate based on the geometry of the pipe and velocity of the
liquid is:

Flowrate = Wetted Cross Sectional Area x Velocity

The channel at Site 4 (Construction) is an 8 feet diameter corrugated pipe. Site 3
(Residential) and Site 1 (Commercial) are both 48-inch circular pipes. Site 2 (Wetland)
has two box culverts that have dimensions of 8 x 8 feet. A 920 flowmeter (American
Sigma) measures the flow from both channels at Site 2 (Wetland) and logs the flow data

every five minutes. Figures 13, 14, and15 show each site outlet.

Figure 13: Site 2 (Wetland) box culverts outlet and Site 1 (Commercial) outlet




Figure 15: Site 4 (Construction) outlet

13
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2.2.3 Sample Collection

Each sampler contains 24 bottles, for collection of discrete samples. Samplers are
programmed to collect samples every 30 minutes once a setpoint is activated. A
peristaltic sampling pump draws a preset sample volume into the sampling bottle. The
sampler can be programmed for pre and post purge and rinse cycles to prevent cross
contamination. The setpoints at Site 4 (Construction) and Site 2 (Wetland) are based on
the level of the water in the channel. Once the level reaches a certain height the sampler
is activated and samples are collected immediately, then every 30 minutes after the
activation. The setpoints at Site 1 (Commercial) and 3 are based on flow. When the flow
reaches the setpoint the sampler comes on, when it drops below the setpoint the sampler
shuts off. Sample collection continues every 30 minutes until all the sample bottles are

filled or until the rain event has ceased.

Figure 16: Sampler interior



2.2.4 Data Transfer Unit
A data transfer unit (DTU) is used to wansfer data from the sampler/flowmeter.
This unit is then downloaded to a portable computer for data analysis. The software used

to read the downloaded data is Insight from American Sigma. The data is then stored on

a spreadsheet database.

2.2.5 Runoff Grab Samples
During rain events grab samples were collected, on a quarterly basis, using a
Nasco swing sampler. The samples were collected, by dipping the sample container

below the water surface*to fill the container.

2.3  Sample Collection and Analysis

2.3.1 Sample Handling
Rainfall and runoff samples are collected for the moaitoring of the Black Bayou

Watershed. Discrete samples are collected automatically over each hydrograph at each
major inlet and outlet to the basin. Flow and rainfall are concurrently measured .and
logged by the American Sigma sampler. The samples are stored at 4 °C in polypropylene
containers until retrieved. Sample holding times are not exceeded. Sampling equipment
logs the time at which the samples were collected and the flow at that specified time.
Samples are labeled with the appropriate site location and bottle placement. Samples are
transported in iced coolers to the laboratory for sample separation and analysis. Pertinent
data is recorded in the logbook located at each site building. Upon arrival to the

laboratory samples are logged in.



At the laboratory, samples are separated for composite and discrete analysis.
Composite samples are flow weighted and placed into “acid” and “no acid” bottles for
analysis. Discrete samples are placed into “acid” and “no acid” bottles for individual
analysis. Table 1 lists proper sample storage and preservation requirements from the
Quality Assurance Project Plan (QAPP) p. 35. All bottles are labeled approprately and

placed in a refrigerator that maintains a temperature of 4 degrees .

2.3.2 Sample Analysis

The samples collected from the automatic samplers are analyzed for the following
constituents:
Discrete samples:

Chemical Oxygen Demand (COD),
Total Phosphorus (TP), and
Total Suspended Solids (TSS).
Composite samples:
Chemical Oxygen Demand (CQOD),
Total Phosphorus (TP),
Total Suspended Solids (TSS),
Nitrate-Nitragen (INO,),
Ammonia Nitrogen (NH,),
Biochemical Oxygen Demaund (BOD), and
Total Kjeldahl Nitrogen (TKN).
TKN and BOD are analyzed on a quarterly basis because of their low concentrations. If

the concentrations increase significantly, then analysis will be run every rain event.
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Grab samples were not collected every rain event. This was especially true when
the rainfall occurred in the evening hours. Metals and Total Organic Carbon (TOC) are
coltected on a quarterly basis. Pesticides are collected annually. Oil and Grease (O&G)
and Fecal Coliforms are collected when the rain event occurs.

Table 2 is EPA’s list of approved analytical methodology for the aforementioned

parameters.



Table 2: Parameters Measured during the West Monroe Black Bayou Study
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Test Method Source Test Location
8OO, SM 5210 B Standard Methods® Folk Lab'
coo SM 5220 D Standard Methods Folk Lab
185 SM 2540 O Standard Methods Folk Lab
Nitrate-Nitrogen SM 4500 NO, E Standard Methods Folk Lab
Ammonia SM 4500 NH, E Standard Metheds Folk Lab
Total Phasphorus M 4500-PE Standard Methods Folk Lab
Fecal Coliform SM 922220 Standard Methods Folk Lab
Qil and Grease SM 5520 C Standard Mathods Folk Lab
Total Organic Carbon EPA 4151 EPA, Standard Methods Ana Lab’
Aluminum EPA 200.7 EPA, Standard Methods Ana Lab
Arsenic EPA 200.7 EPA, Siandard Methods Ana Lab
Cadmium EPA 200.7 EPA, Standard Methods Ana Lab
Chramium EPA 200.7 EPA, Standard Methods Ana Lab
Copper EPA 200.7 EPA, Standard Methods Ana Lab
Iron EPA 200.7 EPA, Standard Methods Ana Lab
Lead EFPA 200.7 EPA, Standard Methods Ana Lab
Manganese EPA 200.7 EPA, Standasg Mghods Ana Lab
Mercury EPA 200.7 EPA, Standard Methods Ana Lab
Nickel EPA 2007 EPA, Standard Methods Ana Lab
Zinc EPA 200.7 EPA, Standard Methods Ana Lab

1. Located at Loussiana Tech University

2. 18th Ed. Standard Methods
3. Ana Lap located in Kitgore, TX




Data Analysis

Once recorded, rainfall and flow data are retrieved and samples from the runoff
collected. Raw data was analyzed to draw conclusions as to whether the objectives of the
research were being met. Appendix A contains the flow and pollutant loads for all
monitoring events. The analysis was performed according to the following project:
objectives:

1. Evaluate the quantity and quality of runoff entering the watershed from

upstream areas as a function of land use;

2. Evaluate the effectiveness of stormwater detention basin in reducing nonpoint
pollutant ﬂm‘c;

3. Using commercially available software (Mathcad 7.0) pollutant loads entering
and leaving the basin can be computed from selected events. This will
provide a quantitative measure of basin effectiveness in terms of pollutant
removal. This provides a direct measure of the effectiveness of the facility in
reducing downstream pollution;

4. By computing and plotting cumulative event volume passing the measuring
section vs. the cumulative pollutant load during a runoff event a guantitative
measure of the degree of pollutant flushing can be obtained (i.e. 30% of a
pollutant is carried into the basin in 20% of the entering flow or vice versa).
This effect can be examined as a function of the type and form of the pollutant
a well as ramfall characteristics. The same can be done regarding the basin
outlet. This provides another quantitative measure of basin effectiveness;

5. Conduct statistical analysis on the data.

20
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3.1 Evaluation of the quantity and quality of the runoff from each
catchment

Each sample collected from the four different land uses was analyzed using

standard procedures to determine the concentration of the selected pollutants. The data
from the analysis were entered into Excel® {Excel, 1995). The file was then used in

Mathcad to integrate the potlutant flux over the hydrograph. Pollutant loads for each site
obtained from Mathcad were entered into Excel and graphed to compare pollutant
loadings. This comparison illustrated the four different types of land use and the amount
of pollutants that are discharged from each site per rain event. The rain events from
February 11, 1998 to December 6, 1999 are illustrated in Figures [7 and I8, the bar
graphs are pounds per inch rain per acre for COD and TSS. These pollutant loads are
computed using either composite samples or if composite and discrete samples were
analyzed for the rain event then the average of the two were used. Not all recorded
evemts will be used in the data analysis beclzause of problems encountered with stlt build
up on the probe at Site 4 (Construction) causing inaccurate flow measurements. However,
all the recorded data are presented in the Appendix B along with the graphs of each
pollutant comparison. The following are the calculations for mass loading per inch rain

per acre for each land use:

Pollutant Load/inch raiv/acre = concentration of polhitant x flow x 8.34 =lhs/ac/in
Inches rain x land use area

where:
pounds of pollutant computed by integration

rain — amount of rain that fell for the event
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Acreage of Land Use — watershed acreage for each land
use. Site 1-24 acres, Site 2 — 887 acre, Site 3-43 acres, and
Site 4 — 709 acres.

The calculations for mass loads are listed in Appendix C.

A flowmeter probe was installed at each inlet to the basin and at the outlet of the
basin. Flow was logged every 5 minutes. The runoff volume entering the basin and
exiting the basin could then be determined by integrating the hydrograph. A smooth
hydrograph was generated using the cubic spline feature of Mathcad. See Appendix C for
mathematical calculations. This produced a smooth curve through discrete data points. A
sample of the hydrograph for the rain event January 9, 1999 is shown in Figure 19.
Examples of various hydrographs are in Appendix D.

a'll)‘. .
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4.8'10‘

a2010?
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— Splined Curve

Figure 19: Hydrograph for Site 2 Rain Event 1-9-99
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Silt build up in the pipe at Site 4 displaced the water in the channel giving
inaceurate flow measurements. The flowmeter calculated the total displacement in the
channe] as the total amount of flow. The silt level was manually measured each time data
was downloaded. The volume of the silt (siltation factor) was calculated and subtracted
from each 5-minute interval flow reading beginning March 1999. The volume of the pipe
at various heights was calculated using previous data when silt was not a factor, this
calculation was then used as the siltation factor. Table 3 is the level of silt and the volume
of flow that is subtracted off the five minute recorded flow. If the silt was less than 2.5

inches, the siltation factor was not used.

Table 3; Siltation Factor Calculation

2.5 150
3.0 200
3.5 301
4.0 3352
4.5 400
5.0 448
5.5 300
6.0 588
6.3 600

Figure 20 illustrates the actual flow measurements from Site 4 (Construction)
from the rain event of 1-9-99, downloaded from the sampler, compared to the sémple
collection during the rainfall event. This comparison illustrates the sample coverage over
the hydrograph; further illustrations for the rain events on 3-3-99 ‘and 5-599 are in

Appendix E.



Flowrate, gpm

26

2500 T

2 25'1[}‘1 T

w0t +

1 '.-'S'l()4 E B

1se0t +

I.25"I|1)‘1 T

]'ll)‘ T

7500 T

5000 T

2500

0 70 140 210 280 350 420 490 560 630 700
Elapsed Time (min)

®9® Time of Sample Collection
== Recorded Flow

Figure 20: Recorded Flow and Sample Collection from Site 4 Rain Event 1-9-¢

Figure 21 on the next page, compares the hydrograph from each site for the rain event

1-9-99. Site 2 (Wetland) had a greater volume of flow than Site 4 (Construction).

3.2 Evaluate the effectiveness of stormwater detention basin in reducing

nonpoint pollutant flux:

Pollutant flux is the concentration of the pollutant times the flowrate, and

represents the mass of the contaminant transported per unit time (lb/hr) past a point.

Pollutant Flux = Concentration * Flow

where:

- concentration is the pollutant concentration (mg/1) at a point in time,
measured by laboratory analysis.
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- flow is the corresponding rate of water flow (gal/min) containing the

concentration of the pollutant.
Figure 22 is the comparison of pollutant flux for TSS, TP, and COD for the
rainfall event of 1-9-99 for Site 4 (Construction), the scale for each constituent is

different, COD values are multiplied by 10 and TP values are multiplied by 1000.

630

560

490

420

350

280

Pollutants (1bs/min)

210

0 70 140 210 280 350 420 490 560 630 J00
elapsed time of rain event

~— Total Phosphorus x 1000
= Total Suspended Solids
- CODx 10

Figure 22: Pollutant Flux Comparison Site 4 1-9-98

This comparison illustrates as the flow increases so does the pollutant flux. More
pollutants are being discharged with the increase in flow. There is significantly greater
quantity of TSS being discharged than the other two pollutants. Appendix F has the

pollutant flux for all four sites from 1-9-99 and 3-3-99.
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3.3 Pollutant loads will quantify basin effectiveness in terms of
pollutant removal

Pollutant loads or mass loads are the total mass (Ib) of the pollutant that was
transported in the runoff during the rain event. The area under the mass loading rate
versus time curve represents the mass load of the pollutant. The mathematical expression
used to calculate the mass load is in Appendix C. The mass loads for each constituent
were then placed into Excel® for graphical comparison of basin effectiveness.

Construction of a motel began in October of 1998, upstream from the sampling
point at Site 1 {Commercial). Sediment in the runoff became a problem as it accumulated
i the outfall pipe and covered the flowmeter. Accurate flow readings were impossible to
obtain when this occurred. In January 1999 the construction crew was notified to build
siltation fences around the storm drains in an attempt to climinate sediment in the runeff.
In February 1999 the silt was manually cleaned from the pipe. Landscaping occurred at
the motel site in March 1999 that dramatically reduced the sediment build-up in the pipe.

Heavy equipment construction at Site 4 (Construction} was complete at the end of
1998. Sediment was coming off the site, but not at the previous rate. Sediment was still
piling up on the flowmeter at Site 4 the beginning of 1999. Log weirs and riprap were
installed in January to try to impede silt build up on the flowmeter at Site 4. The first
storm after the installation of the log weirs washed them downstream, refer to Figure 23

on the next page.
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Figure 23: Temporary Weir Placement

The slope of the channel downstream was almost level so water velocity slowed and
sediment deposited in the channel. It was decided that dredging the downstream side
would help to eliminate the slow velocity thus eliminating sediment from depositing in
the channel. The removal of sediment on the downstream side allowed better flow of
water so sediment build-up was significantly reduced on the flowmeter at Site 4. This
allowed for more accurate flow readings.

Data was separated into yearly comparisons and a comparison from the start of
the project to the completion of the project due to the silt build-up on Site 4 flowmeter.
Construction at Site 4 was not complete until 1998. Silt build up on the flowmeter
caused inaccurate flow measurements, which resulted in inaccurate pounds discharged.
Site 4 was not dredged until March 1999, afier the dredging silt was no longer a factor.

The calculation for basin efficiency is:
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Basin Efficiency = (Mass Entering — Mass Leaving)/Mass Entering x 100

or

Basin Efficiency = ({Site 4 + Site 3} — (Site 2- Site 1)) / (Site 4 + Site 3) x 100

Site 1 (Commercial) discharges directly into the outfall of Site 2 (Wetland), the quantity
measured at Site 1 are subiracted from Site 2 because they do not flow into the wetland
area only into the discharge of the wetland. Thirty rain events were sampled, seven rain
events were dropped based on inaccurate flow data or sampler problems. Thirteen rain -
events from 1998 were used and 10 from 1999. WNine rain events occurred after March
1999, silt build-up on the flowmeters was significantly reduced on these last nine events.

Table 4 on the next page, lists all the rain events that were used for analysis in the project.

Heavy Metal Analysis

Grab samples were collected during the rain event for analysis of heavy metals in
an attempt to quantify the percent change in metal concentration. Normally, in order to
determine the efficiency of a unit process, the mass load in, less the mass load out, plus or
minus accumulation is used. However, in this case, concentration of the metals was used
instead of mass load. A sample calculation of the procedure used in determining the

percent change in metal concentrations is shown below:

% Change in Meials Concentration = ((Site 4 + Site 3) — (Site 2) / (Site 4 + Site 3} x 100
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The grab sample from Site 2 (Wetland) was collected avoiding flow from Site 1
(Commercial); therefore, Site i (Commercial) was not subtracted from Site 2 (Wetland)
for the calculation of percent change of concentrations. Tables 5-8 show the results of
the eleven {11} metals for which grab samples were taken for analysis. These tables
show the concentration of the grab sample along with the amount of reduction that
occurred in the basin. Most of the samples were in the non-detectable range; for
example, Cadmium had all non-detectable values. The % concentration change for these
non-detectable values are listed as less than 50% rather than zero because one cannot .
assumne there was no Cadmium present. Percent concentration change for nearly all the
metals ranged from the mid-teens to the high ninety percent range. Since the actual
sampling time relative to the duration of the rainfall event is not the same for all the
samples, the average removal rates are used for the comparison. These average rates

excluded zero values and less than 50% values.

Pesticides and PCB’s

Pesticides and PCB's samples were collected at the beginning of the project to
determine the background level of these pollutants. No pesticides or PCB's were found in
that analysis. It was decided to analyze these constituents on an annual basis to see if
levels increased over time. There have been no pesticides or PCB’s currently found,

Table 9 lists the results.



Table 5: Site Comparison and Concentration Changes for Metals

Aluminum (mgfi)

Date [Site 1 {Commercial [Site 2 (Wetland) |Site 3 {Residential) |Site 4 {Conatruction) |Conc. Change
1/22/98 M/A 5.8 N/A 7.8 25.84
2/15/88 2.8 N/A 1.4 N/A O

6/5/88 1.4 B.5 D.83 85 £3.59
ar2/e8 11 30 5.2 180 B81.84
12/11/98 30 10.89 7.82 23 64.83
r30/08 0.568 2.684 3.73 .66 74.59
6/23/99 2.04 7.79 2.18 384 80.789

Avarage Concentratlon Change 70.18
Arsenlc (mg/l) _

Date | Site 1 (Commercial | Site 2 (Wetland) | Site 3 (Resldentlal} | Slte 4 (Construction} |Conc. Change |
1/22/68 N/A 0.0005 N/A 0.0005 0
2/15/08 Q.0005 N/A 0.0005 N/A 0
6/5/08 0.05 0.0005 D.00D5 0.000% - <50
8/12/98 0.0005 0.0005 0.0005 (.02 97.56
12/11/88 0.00532 0.00218 D.00224 0.00702 76.45
3/30/98 0.00228 0.00128 0.00223 (.00183 80.71
B8/23/80 0.00285 0.0053 0.0048 0.00785 58.73

* 0,0005 less than detectian limit Average Concentration Change 75.12
Cadmium (mg/l)* .

Date | Site 1 (Commarcial | Site 2 (Wetland) | Site 3 (Rasidantiaf) | Site 4 (Construction) Conc. m:umn.ol
1/22/98 N/A 0.004 N/A {.004 0.00
2/15/98 0.004 N/A 0.004 N/A, D
6/5/88 0.004 0.004 0.004 0.004 <50
8/12/98 0.004 0.004 0.004 0.004 <50

12/11/08 0.004 0.004 0.004 0.004 <50

Y30/98 0.004 0.004 0.004 0.004 <50

a8/23/89 0.004 0.004 0.004 0.004 <50
* 0,004 less than defection limit Average Concentration Change . <50

bE



Table 6; Site Comparison and Concentration Changes for Metals

Chromium (mgfl} _
| Date | Site 1 (Commerclal | Site 2 {Wetland) | Site 3 {Residential} | Site 4 {Construction)[Conc. Change
1122108 N/A 0.0007 N/A 0.0007 0.00
2/15/88 0.0007 N/A 0.0007 N/A 0.00
6/5/08 0.0007 0.0076 0.0007 D.12 83.70
aM2/98 0.0099 0.033 £.0007 0.28 86.24
12/11/98 o.omuh.w. 0.0124 0.00878 £.0884 83183
X30/ee 0.00747 0.00585 0.00482 0.015 70.48
6/23/99 0.00274 0.01a88 0.00488 0.0787 "80.02
* 0.0007 lesa than detection limit Average Concantration Change 83.28
Copper (mgfl)
| Date Site 1 (Commercial | Site 2 {(Wetland) | Site 3 (Reaidentisl) | She 4 {Construction)jConc. Change
1/22/98 N/A 0.0008 N/A 0.0008 0.00
2115198 0.0008 N/A 0.6008 N/A 0
68/5/98 0.0073 0.0008 0.0008 0.007 96.38
B/12/98 0.009 0.019 0.0008 d.18 80.03
12/11/08 0.0189 0.0088 0.00858 0.0674 84.68
330199 0.00568 0.00615 0.00785 0,015 73.20
6/23199 G.00701 0.0223 0.0124 0.0B65 71.74
*0.008 less than detection limit Average Concentration Chanpe 83.81
Iron (mg/l
Date | Site 1 {Commorclal | Site 2 (Wetland) | Site 3 (Residentlal) | Site 4 (Construction)|Conc. Change |
1/22/58 N/A 8.3 N/A 8.3 228
2/15/08 2.4 N/A 1.4 NIA 0.00
8/5/88 1.8 14 1.2 180 91.32
8/12/98 14 43 11 370 88,71
12/11/98 31.4 15.5 8.97 78.3 82.44
3/30/99 0.847 6.53 3.89 14.7 84.87
B6/23/89 1.78 19.9 4.08 105 B1.75
Average Concentration Change - 73,58
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Table 7: Site Comparison and Concentration Changes for Metals

Lead (mgll)

* 0.0002 leas {han detection limit

Date | Site 1 (Commerciai | Site 2 (Wetland) | Site 3 (Resldentlal) | Slte 4 {Construction)|Conc. Change |
1/22/98 N/A 0.004 N/A 0.004 0.00
2/15/68 0.004 N/A, 0.004 NIA 0
8/5/88 0.004 0.004 0.004 0.17 97.70
8/12/98 0,004 0.084 0.004 0.38 82.42
12/11/88 0.0376 0.0098 0.0128 0.058 86.02
3/30/68 0.00746 0.0053 0.00537 0.00035 83.99
8/23/90 0.00512 0.025 0.0128 0.0725 70.68

* 0.004 Jess than detection limit Average Concentration Change 80.16
Manganese {mg/i)

Date | Site 1 ([Commearclal | Site 2 {(Watland) | Site 3 (Residentlal} [ Site 4 (Constructlon}[Conc. Change |
1/22/98 N/A 0.29 N/A 0.35 17.14
2/15/98 0.081 N/A 0.091 N/A 0
8/5/98 0.001 1.4 0.084 4.0 71.80
8/12/98 0.23 0.87 d.15 8.1 B2.45
12/11/98 D.588 0.429 0.23 1.71 77.80
430/90 0.233 0.313 0.05 0.338 109.33
8/23/00 D.0645 0.73 0.228 1.28 51.53

Average Concentration Change 54.52
Morcury (mgf) - _ -

Date Site 1 (Gommercial | Site 2 (Wetland) | Site 3 (Resaidantlal) | Site 4 {Construction)|Conc. Change |
1/22/G8 N/A 0.0002 N/A 0.0002 0.00
2/15/98 0.0002 N/A 0.0002 N/A 0
6/5/68 0.0002 0.0002 0.0002 0.00075 78.95
8/12/68 0.0002 0.0002 0.0002 0.00048 70.58
12/11/98 0.000327 {.0002 {.0002 0.000174 48.52
3/30/09 0.0002 0.00G2 0.0002 0.0002 <50
8/23/00 0.0002 0.0002 0.0002 0.0002 <50

Average Concantration Change 65.35
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Table 8: Site Comparison and Concentration Changes for Metals

Nickel {(mg/l)

Date | Site 1 (Commercial | Site 2 (Wetland) | Site 3 {(Residentlal) | Site 4 {Construction)|Conc. Change
1/22/08 N/A 0.001 N/A 0.001 <50
2/15/98 0.001 N/A, 0.001 N/A ]

6/5/88 0.001 D.001 0.001 0.12 88.17
B/12/08 £.001 0.024 0.001 0.25 00.44
12/11/088 0.0185 0.0128 0.00858 0.0728 83.70
3/30/68 0.00454 0.00589 0.00505 0.0187 72.46
B8/23/99 0.00238 0.0221 0.00580 0.0831 75.11

* 0.001 legs than detection limit Average Goncentration Changs B4.18
Zinc c._._mE

Date | Site 1 {Commercial | Site 2 (Wetlend) | Sie 3 (Resldential} | Site 4 (Construction}Conc. Change |
1/22/08 NJA 0.018 N/A 0.021 14.29
215/98 0.048 MNIA 0.036 N/A i}

6/5/98 0.083 0.037 0.023 0.28 87.79
8/12/08 0.082 0.1 0.035 0.71 85.23
12/11/98 0.091 0.043 0.0384 0.188 81,09
3/30/60 0.0492 0.0213 .0.0286 0.0472 71.80
§/23/09 0.0311 0.0843 0.0423 0.228 76.21

89.42

Average Concentration Change

it



Table 9: PCB and Pesticide Analysis from each Site

Organochlorine Pasticldes and PCB's {ug/)

Date 215/88 1/22/88 2715188 1/22/08 3/30/89 3/30/99 3/30/99 3/30/08
Parametors Sita 1 Site 2 Site 3 Slite 4 Site 1 Site 2 Site 3 Site 4
Alpha-BHC <0.003 <0.003 «<(),003 <0.003 ND ND ND ND

Beta-BHC <0.006 <D.006 <0.008 <0.008 ND ND ND ND
Dealta-BHC <(.008 <0.009 <0.008 <{.005 ND ND ND ND
Gamma-BHC {Lindane) <Q.004 <0.004 <0,004 <0004 ND ND ND ND
Heptachior <0,003 <(.003 <(.003 <{1.003 ND ND ND ND
Aldrin <0.004 <0.004 <0.004 <0.004 ND ND ND ND
Haptachlor epaxde <(.083 <0.083 <(.083 <0.083 ND ND ND ND
Endasulfin | <(.014 <(.014 <0.014 <0.014 ND ND ND ND
Dialdrin <0.002 <(0.002 <(.002 <0.002 ND ND ND ND
4,4-DDE <0.004 <0.004 <0.004 . <(.004 ND ND ND ND
Endrin <0.008 <{.008 <0.008 <0,008 ND ND ND ND
Endosuifan Il <0.004 (0,004 «(0.004 <0.004 ND ND ND ND
4.4'-DDD <0.011 <0.011 <0.011 «0.011 ND ND ND ND
Endrin aldehyda <0023 <(.023 . <0022 «<(.023 ND ND ND ND
Endosulfan sulfata =0.088 <(.088 <().068 <0.08G ND ND ND ND
4,4-DDT <0.012 «<(.012 <Q.012 <0.012 ND ND ND ND
Chiordane <0014 <0.014 <0.014 <Q.014 ND ND ND ND
Toxaphene <(0.24 <(.24 <(.24 <(.24 ND ND ND ND
Aroclor-10186 <0.07 Q.07 <(.07 <0.07 ND ND ND ND
Aroclor-1221 <(.2 <0.2 <02 <0.2 ND ND ND ND
Amoclor-1232 <0.05 <0,05 0,05 <0.08 ND ND ND ND
Aroclor-1242 <{.06 <(.06 <0.06 <().06 ND ND ND ND
Anocior-1248 <0.07 <0.07 <0.07 <0.07 ND ND ND ND
Aroclor-1254 <0.2 <0.2 <0.2 <0.2 ND ND ND ND
Aroclor-1260 «0.06 <0.08 <0.08 «<(.08 ND ND ND ND

* ND s non-detectabie

gt
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Total Organic Carbon

Total organic carbon (TQC) was collected as a grab sample. Figure 24 compares
the different land uses, these values are mg/l. The graph shows that Site 3 (Residential)
and Site 1 (Commercial) had higher mg/l TOC than Sites 2 (Wetland) and Site 4

(Construction). The average change in concentration across the basin was 48%.

Biochemieal Oxygen Demand

Biochemical oxygen demand (BOD) were analyzed from composite samples.
Table 10 is the pounds discharged and the basin efficiency of BOD for each site. Site 2
(Wetland) discharged more pounds of BOD than all the other sites combined. The
concentration of BOD from each site was generally less than 10 mg/l, except on two
separate occasions when Site | (Commercial) had 25.57 mg/l and Site 2 {Wetland) had
14.27 mg/l readings. Table 11 is the site comparison based on pounds/inch rain/acre for
BOD. Site 4 (Construction) and Site 3 (Residential) were almost identical, discharging
the least amount per_inch rain per acre of landmass, Site | (Commercial) was next, and

Site 2 (Wetland) had the highest at 2.55 Ib/inch rain/acre.

Total Kjeldahl Nitrogen
Total Kjeldahl Nitropen (TKN) was analyzed from composite samples. Site 3
(Residential) and Site 1 (Commercial) discharged more pounds of TKN per inch of rain

per acre than the wetland and construction site, refer to Table 12 and 13.



Table 10: BOD Site Comparison Pounds

Date Sitet | Site2 | Site I | Site 4 |Basin Efficiency %
2/22/98 0.00 509.20 0.00 145,66 -249.58
212398 0.29 144.50 8.91 91.00 -44.35
68/7/98 0.00 1517.52 0.00 58.65 -2578.64
9/12/98 4.57 19.84 6.21 432.16 96.52
12/11/98 2.07 150.66 9.57 65.23 -152.13
3/25/99 2.92 124 47 5.98 73.25 -53.40
6/14/99 | 31.37 94.08 11.64 7.08 -234.87
Total Ibs 41.23 {2600.24| 4230 | 871.02 -180.19

41
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Fecal Coliform

Grab samples were used to analyze fecal coliforms. It was difficult to get
accurate information from this test, the grab samples from Site 2 and 4 usually contained
high amounts of silt. The filters would plug with the silt, if dilutions were made,
occasionallv no growth would occur. It was difficult to find the correct dilution to use.
The time of sample collection, either at the first or last of the rain event, had an impact on
the concentration of fecal coliforms. Fourteen rain events were sampled for fecal
coliforms. Table 14 lists the results of those events. This test was difficult to quantify; no

caonclusions can be drawn about this test.

Oil and Grease

Grab samples were collected during the rain event for oil and grease from each
site. Pounds of oil and grease were not calculated, a comparison of concentration was
used. Most of the values for oil and grease were less than 5 mg/l except on 6-5-98, Site 1
(Commercial) had a value of 17.2 mg/l. Due to this one event, Site 1 {Commercial)
discharge more oil and grease than the other sites. Site 2 (Wetland) discharged more than
Site 3 (Residential) and 4. The average oil and grease for Site 1 (Commercial) was 3.7
mg/l, Site 2 (Wetland)- 1.8 mg/l, Site 3 (Residential) — 1.3 mg/l, and Site 4
(Construction) — 1.2 mg/l. Refer to Table 15 for the comparisons. These values are
relatively low considering the traffic and parking lots around the project area. Appendix J

contains graphical displays of poflutants analyzed.
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Table 14; Fecaj Colform Site Comparison (colony forming units)

Date Site 1 (Commercial})| Site 2 (Wetland)| Site 3 (Residential) | Site 4 (Construction)
2/1/98 760 14,560 5,200 13,520
2/15/98 847 13 700 233
2/22/98 1,367 17,160 4,433 8,213
3/6/58 0 7,467 1,313 10,000
3/16/98 800 167 267 0
4/18/98 1,197 1,140 13 11,233
6/5/98 500,000 500,000 500,000 | 59,000
8/12/98 500,000 500,000 500,000 500,000
9/12/96 203,333 290,000 26,667 176,666

11/12/98 e 0 6,667 3,333
[12/11/98 7,450 2,800 14,650 7,400
1/28/95 0 72,520 17,893 308,000
3/30/05 5,900 4,013 3,800 7,550
6/22/99 500,000 500,000 500,000 500,000
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3.4 Cumulative Load vs. Cumulative Volume

Cumtlative load versus cumulative volume illustrates the degree of pollutant
flushing. It can be related to the “first flush™ effect, which is an increase in pollutants in
the first phases of the ramfall event. Knowing this imformation a detention basin could be
designed to handle 50% of the flow and eliminate 70% of the Total Suspended Solid

pollutants, Figure 25 is the comparison from Site [ January 9, 1999.

Cummulauve Losd

04 0.5 0.6 7 08 09 1
Cumnmulative Vidume

—— T8S Load
= TP Load
— COD Load

Figure 25: Cumulative Load vs. Volume 1-09-99 Site 1

Appendix G contains the formulas used to calculate cumulative volume and cumulative

load. It also contains graphs of cumulative volume versus flow from various rain ¢vents.

3.5 Statistical Analysis

Statistical analysis involves assembling, organzing, analyzing, and making

inferences from the data (Kottegoda, Rosso, 1997). The use of statistics to try to predict
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future events is very difficult with stormwater runoff. The following statistical analyses

were used to identify any trends in the data:

Mean, median, standard deviation, and the 10th and S0th percentiles
- Cumulative normal distribution

- Cunulative log normal distribution

- Kruskal-Wallis method

- Mann-Whitney method

Mean, Median, Standard Deviation, and Percentiles
Data tends to Cluster around a central value. This value can be used as a
representative value of the data set. This feature is called the central tendency, or mean

(). The following equation is used to calculate the mean:

w=1lmzx

1=1

where:
u = mean of data set
n = number of observations in data set
x,= data set

Measuring the degree of scatter or dispersion of the data is important in
evaluating the variability of the data. The dispersion of the data indicates the spread of

the data. The equation for standard deviation is as follows:

6 =Vl/nEx, -

where:
o = standard deviation
n = number of observations in data set
x,= data set
p = mean of data set
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The median is the middle value of the ranked data set. If the mean and median are
the same, this suggests the data is symmetrical or normally distributed. When the mean
and median are different, the data is said to be skewed.

Because the data is not believed to be normally distributed the 90th percentile and
10 plcrcentile values were computed to give an indication of the range of the data. Table
16 lists the mean, median, standard deviation, and percentile values for each sile for
COD, Total Suspended Solids, Total Phosphorus, NH,, and NO..

If the data was normally distributed the mean and median of the data would be
identical or relatively close. Table 16 illustrates that the data is not normally distributed;
for example, Site 2 Tafal Suspended Solids has a mean of 39 and median of 15. This
demonstrates that most of the values are in the lower range with some outlying data
points in the upper range. The 90th and 10 percentiles give the range of the data, for Site
2 Total Suspended Solids 10% of the values are less than 2.2 lb;’ inch raw/acre and 90%
of the values are less than 130 Ib/inch rain/acre. Standard deviation is not very useful if

the data is not normally distributed,

Cumulative Normal and Log Normal Distribution

Reference distributions or cumulative distributions rank the data values against
their corresponding probabilities. No assumptions are made regarding the distribution of
the data. Only visual comparison is used to see if the data appears normally distributed.

The following egquation is used for cumulative distribution:



Tablel6: Mean, Median, Standard Deviation, and Percentile for Pollutants

COD(Ib/in.rain/ac)

Site
i
2
3
4

Site
1
2
3
4

Site
i
2
3
4

NHa (Ibfin. rain/ac)

]
=
5]

-hwh.)-‘|

NOs (Ibin. rainfac)

Mean Median Std. Dev. 90% 10% Number of Observations
2.70 1.60 2.40 570 0.8 18
1.75 1.20 1.60 4.40 0.22 22
3.10 1.80 4.12 9.95 0.53 19
1.80 1.20 2.50 290 0.11 22
Total Suspended Solids(lb/in.rain/ac.)
Mean Median Std. Dev. 90% 10% Number of Ohservations
23.0 18.0 23.6 73.6 1.9 18
39.0 15.0 50.2 1300 22 22
19.7 53 42.0 118.0 1.1 20
38.6 27.6 38.0 110.0 2.3 23
Total Phosphorus (1b/in. rain/ac)
Mean Median Std. Dev. 90% 16% Nuomber of Observations
0.0280 0.0180  0.0260 0.0740 0.0019 17
0.0380 0.0220 0.0350  0.1000 0.0050 22
0.6280 0.0160  0.0280 0.0600 0.0050 18
00310 0.0250  €.0290 0.0800 0.0030 22
Mean Median Std. Dev. 90%  10% Number of Observations
00341 0.0186 0.0348 - 0.1000 0.0050 15
0.0508 0.0278  0.0626 0.1500 0.0030 19
1.0292 0.0128  0.0328  0.0660 0.0040 18
0.63%6 00292  0.0532 0.0650 0.0020 21
Mean Median Std. Dev.  90% 10% Number of Observations
0380 0.193 G.560 1.400  0.027 16
0283  0.138 0.414 0.927 0200 21
0348  0.1aD 0.425 1.235 0.01e 18
0242  0.070 0.59¢ 0.010 21

Site
|
2
3
4

0473 ..
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Probabifity = rank/(n+1)
where:
rank = rank of data in descending order
n = the nurnber of observations of the data set
Figure 26 illustrates the cumulative distribution of Site 2 Total Suspended Solids. The
data does not follow the distribution curve, so it does not appear to be normally
distributed.

Nonpoint pollution data typically does not follow a normal distribution. Log
rormal distributions are commonly used to characterize environmental data (Bannerman
et al, 1993). If the data fits a log normal distribution a cumulative log probability
distribution can be performed to determine the probability that a certain value will occur
a certain percentage of time. The same proalcedure is used as the normal distribution but
the logarithms of the mean, and standard deviation are used to compute log normal
distribution. Figure 26 is Site 2 Total Suspended Solids cumulative log probability
distribution. The data points tend to cluster around the distribution curve giving the
appearance of a log qormal distribution. This curve is in essence a probability plot which
can be used to predict future vaiues of the data. Complete reference to calculations for

cumulative normal and log normal distributions are located in Appendix H.

Kruskal-Wallis and Mann-Whitney Methods

Usually runoff data does not conform to normal statistics. Normal stati:ﬁics are
also referred to as parametric statistics. This type of statistics 1s based on the data being
normally distributed or having a central tendency. If the data is not normatly distributed

and the sample size is small, less than 30, then nonparametric methods can be used.



Normal Distribution

0 20 40 60 80 100 120 140 160 180 200
Ranked Data

Cumulative Normal Distribution
@ & & Probabilities computed from data

Log Normal Distribution

0 20 40 60 B0 100 120 140 160 180 200
Ranked Data

Normal Distribution
# & & Probabilities computed from data

Figure 26: Site 2 TSS Normal and Log Normal Distribution
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Nonparametric methods are not concerned with the parameters of populations. They are
better at detecting population differences when the assumptions are not satisfied
(Mendenhall, 1987). Two methods used to detect population differences in this study
were the Kruskal-Wallis method and the Mann-Whitney method.

The Kmska[-Wallis method tests the “hypothesis that all sampies are random
samples from their individual populations and that there is independence within the
samples and between them” (Kottegoda, Rosso, 1997). The hypothesis states that the
samples come from the same population. This test avoids the assumption of normality in
the data. The number of data sets has to be greater than 2 for this analysis. The Kruskal-
Wallis test was used to ‘compare each site for a specific pollutant to see if the four sites
come from the same population. Table 17 lists the critical K value for each parameter

tested. Appendix I contains the procedure for the test.

Table 17: Kruskal-Wallis Analysis

AP AT AT e e rmps by A ECoM putediis
TSS 7598
COD 4.117
NH3 0.539
NO3 3.363
TP 1119

*critical K value for a 2-sided test at an o = 0.053

The Mann-Whitney test is designed for 2 data sets. There are no assumptions
about the distribution of either sampie or whether the distributions have to be the same.
This test analyzes whether one data set tends to have larger observations than the other

(EPA, 1997). For example, if the distributions of two samples are similar except' for
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location like Site 2 and Site 4, the Mann- Whitney test can be used to see if the median
concentration from one sample is greater than, less than, or not equal to the median
concentration from the second sample. Conclusions can be drawn that one site has more
poliutants being discharged than the other site. Table 18 is the comparisons of each site
using the Mann- Whitney test.

Table 18: Mann-Whitney Analysis

3tod | 2.45 0.299 1425 [0.563 |1479

* critical z value for 2-sided test with o = 0.05 = 1.96

Appendix [ has the procedure for the statistical analysis using the Manu-Whitney method.



Discussion

History of Project

Results of analyses for Phase I of the Black Bayou Detention Basin Project are
discussed in this section. The discussion will deal with the efficiency of the basin,
comparison of the effectiveness of the basin in removing pollutants, cumulative loads,
land use comparison, and statistical analysis.

Sampling and data collection began February 1, 1998 and ended December 31,
1999. From February 6, 1998 to December 31, 1998 fifty-one rainfall events occurred for
a total of 56.32 inches of rainfall. 1n 1999 ninety rainfall events occurred for a total of
72.73 inches o‘frainfall. Thirty rain events were analyzed over the length of the project;
seven of these rain events were discarded due to silt build up on the flowmeter or sampler
error. Appendix J contains the recorded rain fall events from February 19,1998 to
December 20, 1999.

The pollutants analyzed were COD, Total Suspended Solids, Total Phosphorus,
NO., NH,, eleven heavy metals, BOD, TKN, pesticides and PCB’s, total organic carbon
(TOC), oil and grease, and fecal coliforms. Discrete analysis and composite analysis were
performed on COD, Total Suspended Solids, and Total Phosphorus, the average of the
discrete and composite samples were used for the comparisons. Grab samples were
collected for heavy metals, pesticides and PCB’s, TOC, oil and grease, and fecal
coliforms. The data are presented in further detail in separate appendices.

Comparisoﬁ of basin efficiency was broken down into four categories due to the
high amount of silt in the runoff from Site 4 (Construction) in 1998. The categories

were: (1.) the béginru’ng of the project in February 1998 to the end of the project
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December 1999, (2.) 1998, (3.) 1999, (4.) March to December 1999. Dredging the inlet
to the basin at Site 4 {Construction) began in February 1999 and was completed March
1999.

Canstruction at Site 4 (Construction) began February 1998 and slowed down in
" December 1998. Silt began to pile up around May 1998, it wasn’t until the end of 1998
that the transportation of silt began 1o decrease. Adter December 1998 silt was still being
transported off the site during heavy rains, but not at the previous rate, due to preventive
measures taken by the city.

Construction of a motel upstream from Site 1 (Commerciﬁl) started in October
1998 and ended in March 1999. This construction contributed to increased sediment and
other pollutant loads. Construction on Constitution Drive began in June 1999. Curb and
gutter, water, and sewer lines were installed. Re-surfacing of Constitution Drive
occurred in fall of 1999,

Construction of the dam at Site 2 (Wetland) began in August 1999 and ended
November 1999. The weather was unusually dry during this period, one sampling event
occurred, 9-29-99 during this construction period. A temporary dam was placed to divert
the flow into the channel area so construction in front of the box culverts could occur. A
48- inch discharge pipe from the storm gutters off Cobstitution Drive was placed in front
of the box culverts at Site 2. Phase 11 of the project will monitor this discharge point.

Construction at Site 3 (Residential} occurred in March 1998. The land was

cleared and a new channel was dug along Constitution Drive for the discharge.
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Basin Efficiency

One purpose of this project is to evaluate the effectiveness of the stormwater
detention basin (wetland) in retaining pollutants. Basin efficiency is one way to quantify
pollutant removal. Basin efficiency is the mass load in pounds coming into the basin
minus the mass load in pounds exiting the basin times 100. Separating the basin
efficiency into different categories allows closer analysis of the effectiveness of the basin
in removing pollutants, The categories for analyzing the effectiveness are; Overall
pounds discharged per site from the beginning of the project February 1998 to the end of
the project December 1999, pounds discharged in 1998, pounds discharged in 1999, and
pounds discha..rged in 1999 after dredging the downstream channel at Site 4
{(Construction). The overall reduction of pollutants was significantly less than the
reduction of pollutants after the dredging. Table 19 illustrates the efficiency of the basin
for pollutant removal. This table is the sum of the total pounds discharged from each rain
event. Appendix K contains the site comparisons for each individual rain event and
graphic comparisons..

The efficiency of the basin from the start to the end of Phase I of the project
ranged from (-1%) to (—57%) for the pollutants tested. The .negative values resulied from
more pounds of pollutants being discharged from the routlet of the basin than were
flowing into the basin. Total Suspended Solids had (-14.7%) basin efficiency, Total
Phosphorus was (-44.5%), COD (0.75%), NQ, {-15.61%), and NH, (-57.6%). The basin
efficiency in 1998 for pounds discharged ‘ranged from (-87 % to 2%) for the above
mentioned parameters. Basin efficiency improved in 1999 for removal of pollutants from

a (-8% to 23%) The basin efficiency increased further after the dredging at Site 4
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(Construction) the parameters ranged from 8% to 51% removal of pellutants. Figure 27 is
a graph that illustrates basin efficiency for each category.

Large amounts of sediment were discharged in 1998 due to the runeff of Site 4
(Construction). Site 2 (Wetland} discharged more pounds of Total Suspended Solids until
the dredging occurred. Site 4 (Construction) discharged 1.4 million pounds, or 700 tons,
of Total Suspended Solids over the project period, half of that amount occurred in 1998.
Site 2 (Wetland) discharged 1.76 mullion pounds, or 880 tons, of Total Suspended Solids
.over the project period with 1.2 million pounds being discharged in 1998. The
discrepancy of pounds discharged could be due to the build up of silt on Site 4
{Construction) flowmeter, the extent of the inaccuracy is not known. Figure 28 is the
flow comparison from all the sites from 1-9-99. Site 2 (Wetland) had a much greater
magnitude of flow than Site 4 (Construction). The hydrographs follow the same pattern
3o the flow meter is reading the fluctuating ﬂov..r at Site 4 (Construction), but the
magnitude of the flow was significantly less than Site 2 (Wetland). Figure 29 is the flow
comparison of all 1he. sites from the ramn event on 3-3-99; this was the first event after the
dredging, The flow patterns follow each other and the magnitudes of the flows are
similar. The degree of inaccuracy of flow data cannot be determined at this time. Data
collected before the drcdgix}g was not discarded because based upon sample collection
over the hydrographs (see Appendix D) the rain events had good sample coverage.

The basin did not retain any solids during 1998 thﬁe period, in fact sohds were
scoured based on the efficiency data. Decrease in solids entering the basin and the
increased accuracy of the flowmeter afier the dredging gave a more realistic assessment

of pollutants entering the basin, therefore more accurate basin efficiency.
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Construction at Site 1 (Commercial) impacted the pollutants discharged during
1999, The pounds of sediment discharged from Site 1 (Commercial) in 1999 was 68%
higher than the amount discharged in 1998. Site 1 (Commercial) more than doubled the
amount of pounds of Total Phosphorus discharged from 1998 to 1999. All of the
parameters increased on Site 1 (Commercial) from 1998 to 1999.

Site 3 pollutant load decreased from 1998 to 1999 except for NO., which
increased dramatically. Site 4 (Construction) poundage increased for all the pollutants
except COD and NH, from 1998 to 1999. This could be due to the accuracy of the
flowmeter resulting in higher recorded flows therefore higher pounds discharged. Site 2
(Wetland) pounds of pollutants discharged decreased from 1998 to 1999, except NO,,
which increased. COD and Total Suspended Solids significantly decreased at Site 2
(Wetland) after the dredging of Site 4 (Construction).

The average change in concentration for the eleven (11) metals analyzed ranged
from a low of 54.5% for manganese to a high for iron of 87.8%. Most of the
concentration changes fell in the 60-70% range.

The overall basin efficiency for BOD was a negative value because there was
more BOD being discharged from the basin than entering. There is no explanation as to
why Site 2 (Wetland) discharged more pounds of BOD other than more biological
activity occurs in the wetland than the other land use sites.

Basin efficiency for TKN had a (-63.48%) for the total pounds removed by the
basin. Site 2 (Wetland) discharged more pounds of TKN than the other sites. This
accounts for the negative value on basin efficiency, but based on acreage of land use it

did not discharge the most TKN.



Cumulative Loads

Pollutants transported in runoff are generally higher in the initial stages of the runoff
followed by a gradual decrease in the loads with the continuation of the runoff; this can
be referred to “first flush”. Pollutant flushing can be illustrated by comparing cumulative
volume passing the measuring section versus cumulative pollutant load. Figure 30 is the
graph from Site 1 (Commercial) for March 6, 1998 rain event, which illustrates that 50%

of the flow has approximately 85% of the pollutants for Total Suspended Solids.

Cummulative Load
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Figure 30: Cumulative Load versus Cumulative Volume Site 1 3-6-98

Appendix G contains the graphs of the cumulative loads. Various rain events were
chosen to illustrate the comparison of cumulative flow versus cumulative pollutant load
at 25%, 50%, and 75% of the discharge flow. Table 20 located on the next page,

compares these rain events and flows.
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The average for the rain events is used to illustrate the percentage of pollutant
loads being discharged in the percentage of volume of runoff. Twenty-five percent of the
volume of flow at Site 1 (Commercial) contains 47% of the pc-llﬁtanr load for Total
Suspended Solids, 34% for COD, and 34% for Total Phosphorus. Site 2 (Welland) had
23 ~ 25% of the poilutants in 25% of the volume of flow. Site 3 (Residential) ranged
from 27-38% of the pollutant load in 25% of the volume of runoff. Site 4 (Construction)
had 24-28% of pollutant load transported in 25% of the volume of flow. At 50% flow
Total Suspended Sclids for the sites ranged from 55-70% of pollutants in the flow, COD
48-58%, Total Phosphorus 50-64%. At 75% of flow Total Suspended Solids ranged from
81-91%, COD 75-82%, and Total Phosphorus 76-8§3% of the pollutant load discharged.

Based on the comparison of sites, Sites 1 and 3 illustrated more of the “first flush”
effect than Sites 2 and 4. Site 4 (Construction) had a higher percentage of pollutants in

the flow than did Site 2. This suggests that the wetland may not exhibit “first flush”.

Land Use Comparison

One of the objectives of this research project is to compare pollutants discharged
from the four different types of land use. This information is valuable for designing an
effective pollution prevention program based on land use type. Comparison of pounds of
pollutants discharged per acre of landmass per inch of rain was performed by summing
the total pounds discharged per site. The data was divided up into four categories: 1.}
Overall Project, 2.) 1998, 3.) 1999, 4} March —December 1999. For the overall project
Site 3 (Residential) discharged more total pounds of COD than the ather sites, 58.6

pounds, Site  (Commercial} discharged 48.4 pounds, Site 2 (Wetland) and Site 4
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{Construction} were basically the same, 38.4 and 38.9 pounds, respectively. Table 21
illustrates these comparisons. Site 2 and 4 discharged approximately the same poundage
for Total Suspended Solids in the overall project category. After the dredging Site 2
(Wetland) had dropped to less than half of Site 4 (Construction).

Site 3 (Residential) discharged the least amount of total pounds of pellutants in
1999, but i 1998, discharged more for some of the parameters. Site 2 (Wetland) was
third out of the four sites. Site 1 {(Commercizl) discharged more total pounds of
pollutants than the other sites in 1999, whereas; in 1998 it discharged the least.

Based on overall poundage Sites 2 and 4 had more pollutants discharged for Total
Phosphorus, Total Suspended Solids, and NH, than Sites 1 and 3. After the dredging
occurred, Site 2 (Wetland) discharged .about half the amount of pounds for each pollutant
than Site 4 (Construction), whereas; in 1998 Site 2 (Wetland) discharged more than Site 4

(Construction). Refer to Figures 31-35 for the graphical comparisons.

Statistics _

Statistical analysis was performed to determine if any trends or predictions could
" be made about thé data. The pounds per inch rain per acre of land use from each rain
event were used for the data set. Analytical and statistical calculations were performed
using Excel® and Mathcad software.

The mean, median, standard deviation, and the 10 and 90 percentile values were
analyzed to see if the data looked normaily distributed. The mean and median for the
| parameters of COD, Total Suspended Solids, Total Phosphorus, NEH, and NO, were not

identical an all the data sets. This indicates the data distribution is not symmetrical.



Table 21: Site Comparisons for Pounds/Inch Rain/Acre

Total Pounds/Ac relinch Rain discharge from Start of Project
Site 1 Site 2 Site 3 Site 4
Total Phosphorus 0.481 0.835 0.511 0.673
Total Suspended Solids 419 853 _ 394 589
coD 48.39 384 58.62 38,85
NO 3 €.078 £.934 6.260 5.091
NHa 0.512 1.015 0.525 0.831
Total PoundgiAcrefinch Rain discha |_-g' e in 1898
Site 1 Site 2 Site 3 Site 4
YTotal Phosphorus 0.120 0.485 Q.279 0.284
Total Suspended Solids 122 538 318 373
con 15.040 24.100 40.669 20.980
NO 1 0.627 1.554 1.675 0.709
NH3 0.097 G.801 0.276 0.591
Total PoundsiAcrelineh Rain digcharge in 1999
Tatal Phaspherus 0.361 0.349 0.232 0.409
Total Suspended Solids 298 330 78 515
coD 33.347 14.338 17.946 17.862
NO 3 5.452 4.340 4,585 4,282
NH3 0.415 0.215 0.249 0.240
| Total Pounds/Acreflnch Rain discharged from April to Dec 1999
Site 1 Sitg 2 Site 3 Site 4
Total Phosphorus 0.343 0.226 0.173 0.378
Total Suspended Solids 279 197 53 457
coD 31.70 8.94 . 1318 16.26
NO3 5.352 3.869 4.569 4.275
NH3 G.4088 0.1847 0.2397 0.2313
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By plotting the ranked data values against their corresponding probabilities a
reference distribution is produced. To see if the data is normally distributed a cumulative
normal distribution was plotted along with the reference distribution. COD on all the sites
had no resemblance to a normal distribution. Total Suspended Solids Site 4
(Construction) more closely resembled a normal distribution; the other sites did not.
Total Phosphorus on all the sites resembled a normal distribution. Appendix H contains
the cumulative normal distributions.

Nonpoint pollution data typically does not follow a normal distribution, but does
follow a log normal distribution. A cumulative log normal distribution was plotted versus
the ranked data. All the sites for the pollutants tested appeared to follow a log normal
distribution, except Site 1 (Commercial) COD and Site 4 (Construction) Total Suspended
Solids. Site 4 (Construction) Total Suspended Solids followed the log normal
distribution for the lower ranged values, but the upper range values were away from the
curve, Figure 36 illustrates this. Site 1 (Commercial) COD had a few data points on the
curve, but most werc_oﬁ' the curve, Figure 37 illustrates this. In general the data appears
to be log normally distributed, so predictions could be made about the data.

The Kruskal-Wallis and I\.'Iar:tn-.Whjtne}I tests were used to see if the populations,
or sites, were different from each other. The Kruskal-Wallis compared the sites to see if
they came from identical distributions. Figure 38 shows that for Total Suspended Solids

there is no difference between the sites, they have identical distribution.
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MNormal Distribution

Log Normal Distribution

Figure 37: Site 1 COD Normal and Log Normal Distribution
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Chi Square Distribution

03

0.27 critical_K

0.24
0.21

0.18
dchisq( x, df)
0.15

computed K = 7.598
critical K = 7.80

0.12

0.09
0.06

Figure 38: Kruskal-Wallis TSS Comparison
Note that the chi-square is not much greater than K. which is the computed statistic. The
chi-square value is the critical value or the rejection value. If K were greater than chi-
square the hypothesis would be rejected and the sites would be from different
populations. Comparison of all the parameters using the Kruskal-Wallis test showed
there was no difference between the sites, they all had identical distributions.

The Mann-Whitney test compared two populations, or sites, to see if the data sets
equaled each other, refer to Table 22.

Table 22: Mann-Whitney Analysis

lto2 10394 |0.85 1.34 0.016 [0.66
1to3 [1.95 0.017 10.122 10615 |0.104
1to4 |1.13 0.439 |1.66 0016 |1.53
2to03 [1.98 0938 |1.203 |0.62 0.423
2to4 0488 [0.552 (0329 10.075 |1.17
Jto4d |2.45 0.299 [1.425 ]0.563 |1.479

* critical z value for 2-sided test with oo = 0.05 =1.96
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There were no differences between the sites for the parameters tested, except for Total
Suspended Solids. The critical value, which is the value that determines if the hypathesis
is accepted or rejected, is 1.96. From the table above all z values were less than 1.96
except for comparison of Sites 3 and 4 and Sites 2 and 3 for Total Suspended Solids. Site
1 and 3 comparison was so close to the z value that one could confidently reject the
hypothesis. From the analysis Site 3 is from a different population than the other sites

based on the Mann- Whitney analysis.



Conclusions

Extensive sediment transport resulting from various clearing and construction
activities limited the amount and quality of the data that was collected. There was no
removal of pollutants during the construction activities on the project.  When
construction ceased and the channel was dredged, removal of pollutants increased.
Pollutant removal ranged from 8% to 51% after the dredging. The small amount of data
collected since the dam was constructed suggests that mon-soluble pollutant remwovals
have increased. In future projects of this type, closer attention should be paid 1o the
eﬂ'ecl.of such construction activities on the data collection function.

Comparing land use based on pounds/inch rain/acre changes the impact of loading
from Site 4 (Construction) on the wetland. When expressed in pounds of sediment
passing the measuring section, Sites 2 (Wetland) and 4 (Construction) far exceed Sites
1{Commercial} and 3 (Residential). However when normalized to the catchment area
and rainfall, sediment yields from the four sites are not significantly different at the 95
percentile level using a Kruskal- Wallis analysis.

Visual comparison of reference distributions to known statistical distributions
suggests pollutant yields can be modeled probabilistically using log normal distributions.
However, the sample sizes are small. In addition, the construction of the dam will, quite
probably, change the statistical distribution of poilutant yield after the dam construction;

additional data will be required.
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Recommendations

Prevent silt build up on the flowmeters.

Implement a watershed management plan to help eliminate the
transportation of silt from the land. This will improve the storage
capacity of the basin plus basin efficiency.

Continue with the current analysis of analytes.

Collect more data for statistical evaluation.
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Appendix A
Flow and Pollutant Loads for
All Monitoring Events



83

£0'} g8'g T zay Iy v20 Z2L0 I6'ESE | ZeL'0IR'Z ¥4 BEILTIL

801 902 oo (T3] 2L 6ZV'L 510 6L°0 o9v'or val'oTL €50 BRIETL

- B6/219

Ly@'eLg't 'l 961419

- $6/5/9

109'9¥9 CTd] 96/6/9

98’0 e ¥l ) 610 005'8y 108'848'2 £0Z 86/61/Y

- 86/81/%

- BE/SLIY

¥ L9'951 FeR APl 00’1 ey £ 26 00£'66E 850'291°¢ #e g6ILLIE

- 86/9V/E

T QB BP L9 9E8'C 055'92 04 se'e 000'2¥ 9¥E'9Es € 99z 86/9/€

821 98 L8P 6L'6E LT 9581 £e0 Z6T0 000'8Y L - $6/2Z1Z

9z6'eag’| A BEIZZE

909'BbY ped Ba/SILZ

LT ore 00FDBZ | 9BS'BS0'2 851 B6/LLE

- 861

€70 9 gL g G20 000'arE - A

- B&/ T
aysodwoy) epsodwoy) a]sodW0 ] EEEE eysodwo) s8I ansodwio) 8}819510 (su)eh) (EB) jejuiey | (Seyour) [pesoe)i00 elapa
(P05 EHN | {PEST Sq7) 60N (PR 59} 0OD |(PROT 80) GO0 f(pRoT Sul) 5SS [{Peo sa) §51 |(P2o Sal ) oL | (PEOT 541 ) dL |01 jo BUNOA | SwinjoA (BIOL [EJMEY (BI0L | SBIdWES BiEQ

(leoBwwosn) | 8ig

sajdureg ausodwon pue a¥eaasi 10§ peoT wen[od 1V 9jqel,




HOD> 70 Pl 34 vEB AT 690 9.0 Leg'eor | essiLIg'E GL'L BEO/ZL
$20 i 5oz 1Ll £ob 998°L 9G¢E 6 0S5'SEF | D9R'ESHE Be'Z BB/6TI
85T 6801 gg iy B9 695 850 ¥35'0 BOZ'LPL | ¥EZ'00E'L vFL GB/B/L
FO'L £TL 061 £'72l slLo'g 896'2 €81 Se'l 86001 [E9liflT Z9'k BB/EZIY
191 LTh Bl are ZA 759'S TR S 901" ¢l AT S8} B6/¥LI9
gzZ'0 809 or 0c 1L 8L 820 A L1B0L bl DESL 9y} G6/5/5
e LTE9 997 £ot 8.8 0i9'6 ZVE &8¢ O0S'A¥E | €89°FL0'C £e'2 66/SLIF
ZLEZ 1.0l 8¢ as 6LSL {844 or'0 oze0 GOlL'LL osp'PLLL 680 86/SZ/E
BZ0 6LL oF X3 g%s 802 £F0 L LBL'bS ZGE'1E8 £8°0 BB/E/E
230 L o't &L or g £10 oL LaL'st 999’121t 880 66/1E
CE ) ar'y e G40 £l6 9% 60 GEL0 869"yl | 0oE'DeY'Z 88'l 86/6/1
G BIE'LL 510082 ) L8O BE/6HE
090 9L bS B2 196 ¥99 £50 6brQ 8I8'ES 00L'ELED £8'v 6611724
B00 GZ 9 ) 185y TLE'69L 850 85/ELLL
860 69 5BlZ F7 40| 0TE'95} HoR'9r9'e 0T Beren |
LeE'do0’L 180 BEIvLIG
830 92 €L ZBEL £21 EFETIE | DiEvELE %2 B6/E WG
PE0 %4 89 0L FEGE] GElb GEED L90'gZ ) ZS0'60T 4 o%'s 85THE
(TX0) CT% 18 vo61 80z 120 6520 DEFOEL | 2085002 Z9'L Q6/e 18
1Z0 e 8.} 691 1oy £99 vr0'0 rr0'0 e’ 728'89C | 960 gaiolg
aysodwiog arsodwog apsotue) EEY=TTy] EIsedwo)) FRIISIC] eysodwar aR.1081] {svo(eb) (leBi ey | {seuou)  [pejoejol eiep
{peoT sai tHN | (peo sai) coN |{Peen sal} 005 [{peeT sa) 005 |ipeo S SS1 |(Peon s0)) SS1|((PR0 501 ) 1 | (PROT 8G1) gL [MO1d O BWNDA| SLINOA RIC L [IBjUBY [Fi0) | TR BieQ

(feiosswwad) | sls

sajdures a)s0cuwo;y pus MBIISIC] 10) PLAT UBIN[O] ;,,E_LE_ESE.{ Nqe L




85

iz St Zor's 096's 1ZZ'IE 50z IZZE 000'99+'S 86/L2/L
6502 51§ 068 SEo'L 864'tr1 glLE'BE 8 3 oo6'ore’| 86/EZ/L
Be/L/D
5ath 502 £00'G BFE'G 06.'€6 056'66 ¥EL 0002822t 86/
86/5/9
6680 g9 a8 ol 50 [iGr4-T4 95/5/9
108 By 982 GLe8L Zyov 00S° {24y da6LIb
g6/8 Ly
8¢ [ g0z 9£2'z ke GZY'aLY f6/S11Y
L2k 8FL'EL o0L'El 8/6'G0L 008621 6b'CGZ 6505 000'0Eg'SE [T
§6/94/8
org L8Y'SY Z08'S $60'902 00F'9Lc 6952 FSZLE 000'0EY'ZE 26/9/
0z} 21 2T Iy £8Y'Q ¥ee'L o7 95ize 000'BL}'9 CLIArS
95t &Ly DSb'y (744 ZeL'ht 0Fy'el LT 000008} B612ZT
86/G L2
B6/L LT
162 L4l paL'y 869'C S06'y 0i5'€ 8rey EG¥E 000'089°¢ 1 26/L2
’ 26/CIE
86/ LI
L T &)1sodwos aysodwo) alasasiq FNsodinn Blarsi(] ensodwor) ajarsI] (suoyeh) parRloD 219
(peon sq)) eHN | (PRaT) g1} cON |(PRoT sq) oD |{peon sal) aoD| (Pee san §SL | (pec sq)) §SL | (PEcT 'sq ) dL |{PEOT 'sq1) JL | 40 j0 Bwnjop | saidwes @ied

(puenapn) 2 a1

sajdwey ansodwo) pue 212.08I(] JOf PEOT WEIN|[O (PANUTUND)| Y 3|8,




16

€ 50} 006 568 L0v'L 020zt ¥ 59| 000'665°E 669121
150 T3 ] £98 a0§'9 0ES'RY 1z &b 000'655°C B6/62/6
k4 LGt 599'L £05'L 202°1E 099'8F 1] 25 000'Z66'C 661814
8t vt 1012 8T 054ZE orL'ss gLz 89V 000'v92'S 66/60/9
99 gte ieL ge9 pee'ch 999’y SgCH 96 00079t EE]
g2zl 5581 oLp'L zzZ'l 092'62 05272¢ 9g 13 000'631'E BE/S/G
avi 6.6 758y 68Y'¥ 6ZBECL 0oZ' LS cii Z0L 000'0ES'E} &G LY
(2.4 FXm L18 vL6 ZI5'62 08.'82 582 2822 000'£98°E 66/52/C
g% B9 OvF Bsz 0628 0Lsz 2oL g 000'88E 'L 66/E/E
FET Fa3 viLL 09z'L Z60'0E 08922 9z ¥2 000'459'C 66/1L/E
05 osZ 85004 TL0'% BEC'RIE 00€'vZ2T 052 €al CDO'066'BL 66/6/1
8E/BLZL

X 9zl 0eg’l GeE’L £08'LE 09£'6e 09 oF 000'89E ¥ 86/LLITH
68l SZO'L L6 6LE'LE 09F'kL 6 2l op0'6TL'y 86/2L/LL
Sz B4 L gz ce g6l G29'2L8°C g6/8/1L 1
€0t 9ce £28 LEZ'Z b6 008'260'Z g6/ He
ozl 98¥Z 9124 19E"LEE EE DDO'SEQ'¥2 28/ 1/8
160 529 o€’ €L0 926 08¢ BE/T LI
£E 8 Zig - Bsa Zee'sz sel I5'¢e 000'ZZo'e BE/E LS
9'gS SoLL 229 98¢ Lv9¥e 002201 i3 to'o 009'964'S BE0LA

aysodue) )5adWo) aysodwey) EEEE ay|sodwos Bl susodwon 8182810 {su0|eD) [ CT R =TT
{pea sqj) eHN | (pee sqp) cON [(peo] sqi} a0 (peo) sq} QoD | (peo sq)) SSL |{Peo sql} SSL |(peoy 'sq ) ok |(peo 'sq1) gL | Mol Jo sumjoA | seidlUes aleq

{puepspn) 23S

sa[dureg a1sodwior) pue 1219517 103 PBOT MEIN(OJ {(POnUUOD} | Y 31qR L




37

€1 £2 s 51T 108} gz} 9 7og'LEY S6/LL
a0’} o Gel 5ot ZEY BT 20 82°0 116'19 SE/ETIL
B6/L/9
590 g4 oz £0L Bee 0LE el 186081 86749
86/5/9
86/5/9
¥ ¥Zh ivl JEZ2 eyl 192'25¢ 96/
BO/B LY
BEIG LY
LIl 62 0z¢ 09 SIT'L BEE 43 0GD'ELD'L BE/ILLE
BE/OLE
iy 05k ¥ol BS6'S 0lE'RZ o6 A DOO'SSH ) BE/OIC
99 oL gel EZ1Z) 3 99'L48 T 06Z 61¥ CTAATA
862272
86/G1/C
goL’L 6162 000°L2LL 85/L1LiT
B6/LT
Tad) sel ITE ogL 5L LFE'E50 86/E/T
06/112
|eUsoduIon ojsotuwos gy sodog Fawsig gjsodwo?) BJALIEI) alsodwoeny CICTES ] (suolieB)  [pesospo aepn
(peo sqi}eHN | {Peo saj) EQN |(PE0 sq) QD [(Peo sai} 0D [{Peo sqp) SSL |(PReTS9) SSL [(Peot s ) di |{peo "sa1) 4L [woid jo swnjoa| sejdweg eeg

(jejuspisay} £ 8IS

sopdweg 231s0dwoy) pue 243181(] 10 PO UEN(Og -(PonuIIuoo) [y QL




88

ZLo GLO oz ac ¥ z1z 520 BOZ0 Q00’061 B6/9/T)
ZL0 8Le 58 £Ze LEGO 099'L6 66/62/8
£6'0 SEL S ab 05t ¥iS 60 90 186'ZE} 66/814
G¢ 66 [ 69Z PEG | EES L K3 S'E 0/9i2v 656%/9
830 9z 9z) 0Z1 £65 JTs g’k pE) aet'zel BB LI9
€0 9’19 or i QEE 8¢ L0 g GOR'G6 B6/G/S
195 526 612 Lz el (44 18 aza'¥ V25 96k B4/G 1P
I5'Z 629 [ 7 ¥6 f4:11 g50 €280 a1L'oll 6BIST/E
L 8¢ vl (¥4 13 1 91410 GLLD ¥25'LG 66/E/E
260 L 95 9L iV BSZ 5.0} €50 £z} G6/HE
B az'L vt ¥ vEC) 6551 90'G BE+ 1L07168 66/6/1
681 605 ¥9L 86/64/TH
N g6 w1 vzl 181 BL Bl 860 S¥6'952 ge/L izl
gE/ELILL
A Fx] 0B¢t 80 £59'992 fH6/8/L1
JIg! oz £6 98 g0l 060'esH Sa/rL8
89'¢ 8L'8 LIE LT G 19'G.8 S6/EL/6
81’} 8Z'C 08 Qs z8 61 TX0) iz90 6FG6'96 86/2L/6
9%l g’ areo - 6§6F $6Z yED 6080 529'R91 Be/ELg
LZ0 6L'E 58z 8161 a0l £es i£0 [T355) I£2'Z6 g6/0H8
BSOaILDT) SHEOOWOTY BSOCILnT) BIBITE apsoduc?) H2O3AG EeaLInT) 8481 T PRIIR|OTY AISAN
(prO SG)) EHN | (PRO7 ST} SON [{PECT SA1) 000 [(pE0 5T @OD | (Peo sq)) S5 |{Peo sql) gL |(PRoT 'sq1 ) oL [ (PB0? 'Sa1 ) dL [Mo1d JO BLWNIDA | SAIOWIES S12q]

—

(tenuapisay) € 8IS

sojdueg ansodwion) pue 2121051(] J0f peaT WEIN[[Od (Penuuod) [y J[qe ],



35

£l ¥6 095t 621'p 19¥'SL §8'51 SOt 000" 106’ L BE/LTIL
5oL 52 LGl 151 S68°C goL0Z 18z T¥4 LE6'Z0G 08/eZIL
B6/L/9
£l Gir 68} £QL'L 8219 gee'oz ¥'g on0'Res’L 86/40
96/9/9
S6'S &1 LG GES 98D £8a'ezl 95/5/9
861 0zl Skr'k £E5'9L 9.'et 0nQ'gsl'e g6/B L/
g618 LY
Lg1 g2 199 caz'9l el 6v9'02F BEIS Y
S'Ee 605 19¥ LLO'P Z06'2 age L9} 000°£28'L gesLLie
. BEIOLIE
¥89 L20°Ly 9%0's Z09'tee 000'6E Stz T 000'CLE'02 86/E
BE-XCT ol 568 ¥hl 800°) ¥o.'E L 000'2L0'E REIC2IZ
L B9 £ig'l 9£6 050’5 BEP'L 000'005°E BBIEZIC
BE/SHE
B6/1 L2
¥z oLz (TS £51'C FESE 00Z'0E 475 LT BY 000°0iF' ¥l 86T
g o8 ire'e ‘ £61't2 6Z$ 000'06v' L1 BE/LT
86/ 11T
aysodwo) apsoduwioy) sygadWwo?) sjpnsIg aysodue) sEnsig aqsoday) 2la0sI] (suoyeb vogiw) | paroajeD asep
(peo s} eHN | (PEST sa)) EON |(peoT sq) 00D | (pea sq) GE3 | (peo sq)) St | {peo sq) gSL [{Pee 'sq ) dL |{PeeT 'sal) 41| moid josunos | seidwes sleq

{uononnsucd) t aNg

sapdweg ansodwon) pue 210985 JOf prOT WeIN|[OJ (panunuod) |y 3|qe ],




a0

52 L6 o968 £B6 6Z6'ZY OFE'LE gl tal 000'+85'Z 658/9/C)
? [d! 'l ois't GZL'LL OLP' LY 18 95 Ccoo'v00'e 6B/A2/6
Ly g8 Lzs'e 7452 080°iC1 0Le' I8 ae 8 aoa'sea'y B6/Y/L
£y 6F9 60L'¢ pao'v 265'2¢1 oy el 6 69'v8 0007Z43°G 6B/EZ/9

vee €61 Zze ¥08 1962 Bs0'L 951 A 9/7 618 GE/P LD
LE 91z 96¢') 900'2 ¥64'LS 0EF9L A 5% 000'1ZEe 66/5/5
19 191% Z8l'y VLLE 1£8'egl c0zZ'281 ¢/ 469 000’1228 66/5 LY

ral 66'2FL £rB gzt 9p1'ce 0L6'kE g9 a0l 0C0'BIZ 86/SZ/E

L9 9t8 B9 aT¥ GLE'TL 0zz'Hl 7t BU LI 000'145'L GE/ES

$0 GlL 1z 54 4] ong'skl 66/1E

4! 08 B2 £60'Z 20285 0E0'0L g0b BOv 000'SkL Y 56/8/1.

6EF'9 D00'ErZ'} 98/8LZ1

198 SvES 069 pif ZO0'Ct ig6'L 8912 v 000281 H asiLLIzL

11D [ ¥ED't €50 ¥OL'BLE 86/EL/L )

¥4 Git ¥96'S e LOG'GLE 86/8/11
#'g zz 151 z89'L Ty 068'€9L BEIVLIE
vy ] 0I9E 0ZZ'Z81 95 000'GE8'8 86/EHB
g €02 9602 g51¢ £62'99 005 121 2 615 000€e8'2 86/2Li6

gL'y 16 Y] g 5650 Y T6L'PYS ga/eL/g

9'ee Ty g £0 90€'L2 0Z6'tC St 0% Ze9'vze B6/0 /8

eysedWeD ayseduIe]) aysedwor) SR8 aysodwod) 8la.si] sysadwas aja9g (suonell voypul) | paLIROD SR
(peeT sg)) EHN | {PRoT $a7) SON |(Peo sq)) 0D [(peo st oD | {peo sa) SSL | (Peo sq) 551 [(peo 'sq1 ) JL [{PEOT 'sar) AL | awrd joswnpa | sddwes g

(uononnsuad) b eNs

sajdwreg alsodwoy) pue MNDI0SK(T J0J PeoT JUBIN[IOd ((PANURUOS} ]V JqR L




Appendix B |
Pounds per Inch Rain per Acre
Site Comparison
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Table B.1: Total Phosphorus Site Comparison Pounds/Inch Rain/Acre

Date |Site [{Commercial)| Site 2 (Wetland){Site 3 (Residential){Sitc 4 (Construction)
2/22/98 0.00 0.05 0.00 0.02
2/23/98 0.01 0.02 0.03 0.01

3/6/98 0.07 0.10 0.11 0.11
4/15/98 0.00 0.004 0.00 0.03
4/19/98 0.00 ‘ - 0.02 0.02 0.02

6/5/98 0.00 0.00 0.00 0.00

6/7/98 0.00 0.11 0.02 0.01
8/10/98 0.00 0.06 0.0l 0.01
9/13/98 0.02 0.07 ' 0.06 (.04
9/14/98 (.00 0.01 0.03 0.01

1/13/9% 0.00 0.02 0.00 0.00

L2/11/95 0.00 0.01 0.01 0.0

1/9/99 0.02 0.12 0.06 0.03
3/3/99 0.03 0.02 0.00 0.03
3/25/99 0.02 0.03 0.01 0.03
4/15/99 0.05 0.05 0.05 0.04

5/5/99 0.01 0.03 (.01 0.06
6/14/99 0.08 0.01 0.02 0.01
6/23/99 0.04 0.01 0.05 0.08

7/8/99 0.02 0.04 0.01 0.08
9/29/99 0.07 0.01 0.01 0.03
12/6/99 0.03 0.02 0.00 ©0.02
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Table B.2: Total Suspended Solids Site Comparison Pounds/Inch Rain/Acre

Date [Site 1 (Commercial) {Site 2 (Wetland) |Site 3 (Residential) |Site 4 (Construction)
2/11/98 6.4 0.0 118.1 0.0
2/22/98 0.0 12.8 0.0 7.3
2/23/98 6.5 6.6 6.9 2.2
3/6/98 73.6 120.5 161.7 111.3
4/15/98 0.0 2.9 0.0 23.0
4/19/98 3.9 10.8 2.6 11.5
6/5/98 0.0 0.2 0.0 1.5
6/7/98 0.0 79.3 5.3 33.0
8/10/98 1.9 85.0 5.3 33.2
9/13/98 24.4 176.4 B2 - 1218
9/14/98 0.0 3.1 2.5 13.4
11/13/98 0.7 25.0 0.0 2.7
12/11/98 42 6.6 09 3.1
12/19/98 0.0 0.0 4.5 9.4
1/9/99 18.3 132.2 17.9 48.3
33/99 29.9 108 1.1 27.5
3/25/99 18.4 36.4 3.7 93.2
4/15/99 54.1 67.5 17.0 95.9
5/5/99 B.7 25.9 7.2 #1.3
6/14/99 80.4 3.4 7.8 3.8
6/23/99 26.2 18.2 13.9 77.2
7/8/98 11.7 19.0 4.8 72.4
9/29/99 27.6 1.7 1.3 66
12/6/99 226 10.7 38 45.0
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Table B.3: COD Site Comparison Pounds/Inch Rain/Acre )
Date  |Site 1 (CommerciiSite 2 (Wetland)[Site 3 (Residential Site 4 (Canstruction]
2/11/98 5.7 0.0 17.4 0.0
2/22/98 0.0 4.1 0.0 1.3
2/23/98 1.4 1.7 2.5 1.0
3/6/98 5.6 44 10.0 12.1
4/15/98 0.0 0.3 0.0 0.9
4/19/98 0.3 1.3 1.7 1.0
/5198 0.0 0.2 0.0 0.1
6/7/98 0.0 4.6 1.8 1.5
8/10/98 0.1 0.8 0.5 0.1
9/13/98 1.4 38 35 2.4
9/14/98 0.0 0.7 27 0.3
11/13/98 0.2 1.9 0.0 0.1
12/11/98 0.4 0.3 0.6 0.2
1/9/99 1.6 5.4 48 1.6
3/3/99 22 0.6 0.5 1.2
3/25!99 3.2 1.1 2.0 1.6
4/15/99 56 2.1 2.2 24
5/5/9% 13 1.2 0.9 21
6/14/99 8.6 0.2 1.5 0.6
6/23/99 4.0 1.4 3.9 3.4
718189 1.5 1.2 0.7 2.9
9/29/99 3.9 0.3 0.8 0.9
12/6/89 1.5 0.8 0.6 1.2
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Table B.5: NH s Site Comparison Pounds/Inch Rain/Acre

100

Date |Site 1 (Commercial) |Site 2 (Wetland) [Site 3 (Residential) |Site 4 {Construction)
2/22/98 0.000 0.241 0.000 0.083
2/23/98 0.045 0.112 0.128 0.031
4/15/98 0.000 0.032 0.000 0.227
4/19/98 0.018 0.170 0.032 0.138
6/5/98 ¢.000 0.002 0.000 0.017
6/7/98 0.000 0.094 0.011 0.012
8/10/98 0.012 0.065 0.007 0.035
9/13/98 0.017 0.067 0.063 0.029
5/14/98 0.000 0.014 0.031 0.015
12/11/98 0.005 0.004 0.008 0.003

1/9/98 0.008 0.030 0.009 0.009
3/1/99 0.026 0.020 0.028 - 0.001
373/99 0.01% 0.006 0.004 0.014
3/25/99 0.100 0.033 0.066 0.029
4/15/99 0.113 0.068 0.057 0.049
5/5/99 0.008 0.012 0.006 (.038
6/14/99 0.036 0.002 0.007 0.018
6/23/99 0.027 0.026 0.030 Q.037
7/8/99 0.075 0.014 0.015 (.040
9/25/99 0.004 0.000 0.007 0.002
12/6/99 0.00D 0.003 0.002 0.003
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Table B.6: NO 3 Site Comparison Pounds/Inch Rain/Acre

102

Date |Sile 1 (Commercial) {Site 2 (Wetland) [Site 3 (Residential) |Site 4 (Canstruction)
2/22/98 0.00 0.39 0.00 0.06
2/23/98 Q.2Q 0.18 0.19 0.14

3/6/98 Q.27 0.26 0.41 0.28
4/15/98 0.00 0.03 0.00 0.03
4/19/98 0.05 0.14 0.14 0.07
6/5/98 0.00 0.02 0.00 0.00
6/7/98 Q.00 0.23 0.12 0.04
8/10/98 0.04 0.14 0.09 0.01
8/13/94 0.05 0.13 0.10 0.04
9/14/98 0.00 0.05 0.57 0.03
12111198 (.03 0.04 D.05 0.01

1/9/99 .10 0.47 0.02 0.11

3/3/99 0.52 0.11 0.14 0.15
3/25/98 0.50 D.21 0.18 0.18
4/15/98 .14 0.93 0.92 0.56

5/5/99 2.19 1.84 1.23 2.15
6/14/99 0.29 0.14 0.33 0.09
6/23/99 0.19 0.23 1.42 0.45

7/8/99 0.32 0.38 0.31 0.60
9/29/99 0.19 0.03 0.03 0.07
12/6/99 0.01 0.01 0.00 0.01
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Table B.7: TKN Site Comparison Pounds/Inch Rain/Acre

Date Site 1 (Residenlial) | Site 2 (Wetland) | Site 3 {Residential) | Site 4 (Construction)
2122/98 Q 0.144 0 0.057
2/23/98 0.004 0.052 0.181 0.041
3/25/98 0.201 0.155 0.198 0.137
6/14/989 0.185 0.033 0.051 0.029

TJotal 0.390 0.384 0.430 0.263
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Appendix C

Mathcad Worksheet for
Calculations of Mass Load
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Mathcad Worksheet for
Calculations of Mass Load

Flow data are contained n an ascii file called
"1_1010999_TP_TSS_COD_FLOW?" with the extension ”.pm". Mathcad
command to read that file inta the worksheet is:

DATA :=READPRN("1_010999_TP_T$$_COD_FLOW.prn" )

File name definition:
The first number is the site from which the sample came,
The next set of six numbers are the date of sample coliection,
The analytes tested for discrete analysis,
Flow,
File command.

{1.684.10°155 ;B8 (60 i

11387.10°

80 fog 149!

L1610 68 1011179

102107 80 ;89 ;209
1527 B2 (66 1239;
690 81 152 269!

18.10° 74 (62 1309

243.00° 113 130213390

7 146 1407:369!
587 148 $5311399:
| 520 51 15141429:

* Note Mathcad shows 1] of the total number of rows of the above matrix at & time o conserve on
space.
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i:=0., 23 number of data/rows n the matrix

Column @ = Total Phosphorus
Celumn 1= TSS DATA 15 divided up into six individual

Column2=CCD vectors. Each column is identified as to

Column 3 = Flow
Column 4 = Elapsed Time the contents.

Calumn 5 = Real Time-day.decimal day

Total Phosphorus: is the concentration from each discrete sample collected

Total Suspended Solids: is the concentration from each discrete sample collected
COD: is the concentration from each discrete sample collected

Flow: 1s the gallons per minute reading taken at sample collection time

Elapsed Time: }epresents the clock time that the sample was collected

Real Time-day: day and time the sample was collected in decimal day e.g 12 noon is

"elasped time" or "runoff time" represents the fourth column of the matrix. [t contain
the interval of time between sample collection. '

runoff_time, := DATA, ,-min

"QQ" represents the third colummn of the matrix, which is flowrate at time of sample
collection in gallons per minute.

__ Eal
Qi .—DATA] 3 -
27 min
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Examples of flowrate and runoff time:

al .
g_‘ runoff_time =
min

The volume of runaff that entered the basin is the arca under the hydrograph
approximated by the splined curve through all individual flow measurements.

Limits of integration are the elapsed time from start to the end of runoff induced flow

TIME :=30-min, 21-min,. 789 min

*789-min .
‘volume = (interp{ espline{ runofi_time, Q3}, runoff_time, Q, TIME} )d TIME
30-min
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The runoff volume that entered the basin is: volume = 140595 =gal

L
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360 i IR ROV [NUUEN [P AN S
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Flowrate, gpm

230

120

50— .; \\

I

i

i

E

T T 1

n40 30 120 1&0 200 240 230 320 360 400 440 480 520 560 600 640 580 720 760 200
Elapsxd Time (min}

# 8 » Recorded Flowrate
Splined Curve

Figure C.1: Hydrograph Site 1 January 9,199



Laboratory Test Results

Total Phosphorus-discrete sample  Total Suspended Solids- COD-discrete

from column zero in matrix discrete sample from ple Erqm
. . column 2 in
column 1 in matrix .
matrix
: mg
TP. :=DATA, — o mg

' b0 Titer TSS; :=DATA, | — COD, :=DATA, 2.
! b2 Liter
-} mg
o

liter
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oy T

49 -]-

42 1T

35 -+

Flowrate, gpm

28T

07 +

0 79 158 ZI'_W 3.I6 3195 4'?4 553 632 711 790
Elapsed Time (min)

® ® ® Total Phosphorus x 1000

Total Phosphorus Spline

®®® Total Suspended Solids

m— -Total Sus'?ended Solids Spline
e CODXx1

""" COD Spline

Figure C.3: Mass Load Comparison for All Sites January 9,1999




Appendix D
Hydrographs from Various
Rain Events
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Figure D.1: Flow Comparison for All Sites March 6, 1998
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Figure D.2: Flow Comparison for all Sites January 9, 1999
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Figure D.3: Flow Comparison for All Sites May 5, 1999
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Figure D.4: Flow Comparison for All Sites September 29, 1999
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Figure D.5: Flow Comparison for All Sites December 6, 1999
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Appendix E
Recorded Flow and Sample
Collection
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Elapsed Time (min)
®8® Time of Sample Collection
— Recorded Flow

Figure E.1: Site 1 Recorded Flow and Sample Collection March 3, 1999
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Figure E.2: Site 2 Recorded Flow and Sample Collection March 3, 1999
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Figure E.3: Site 3 Recorded Flow and Sample Collection March 3, 1999
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Figure E.4: Site 4 Recorded Flow and Sample Collection March 3, 1999
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Figure E.5: Site 1 Recorded Flow and Sample Collection May 5, 1999
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Figure E.6: Site 2 Recorded Flow and Sample Collection May 5, 1999
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Figure E.7: Site 3 Recorded Flow and Sample Collection May 5, 1999
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Figure E.8: Site 4 Recorded Flow and Sample Collection May 5, 1999
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Appendix F
Pollutant Flux Comparisons for Rain Events
January 9, 1999 and March 3, 1999
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Figure F.1: Pollutant Flux Comparison January 9, 1999 Site 1
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Figure F.2: Pollutant Flux Comparison January 9, 1999 Site 2
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Figure F.3: Pollutant Flux Comparison January 9, 1999 Site 3
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Figure F.4: Pollutant Flux Comparison Site 4 January 9, 1999
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Appendix G
Cumulative Load
VS
Cumulative Volume
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Example of Data Analysis in
Mathcad for Cumulative Load
vs. Volume

Flow data are contained in an ascii file called
"1 1010999 TP TSS_COD_FLOW" with the extension ".pra". Mathcad
command to read that file into the worksheet is:

DATA :=READPRN("1_010999_TP_TSS_COD_FLOW pm")

File name definition:
The first number is the site from which the sample came,
The next set of six numbers are the date of sample collection,
The analytes tested for discrete analysis,
Flow,
File cornmand.

3

1.12/5.232.10° 12264 30 °

0.68. 1.684,10° 55 188 (60

0.20,1.387.10° B0 98 149;

0.79 1.16.10° :68 [101:179;

08 102.10°°:80 89 (209
DATA=BMG6 527 82 66 1239
0.97: 690 ‘81 152 1260

3

099/ 18.10° 74 62 309

0.881243.10° 113 1302339
065717 (46 (407:369
0.82! 587 148 153113991
057, 520 51 1514:429;

* Note Mathcad shows 11 of the toial number of rows of the above matrix at a time to conserve on
space.



133

i:=0.23 number of data/rows in the matrix

Column 0 = Total Phosphorus

Column | =TS8 DATA is divided up into six individual
Column 2 = COD vectors. Each column is identified as to
Column 3 = Flow the cantents.

Column 4 = Elapsed Time
Column 5 = Real Time-day.decimal
day

Total Phosphorus: is the concentration from each discrete sample collected

Total Suspended Solids: is the coneentration from each discrete sample collected
COD: is the cancentration from each discrete sample collected

Flow: is the gallons per minute reading taken at sample collection time

Elapsed Time: represents the clock time that the sample was collected

Real Time-day: day and time the sample was collected in decimal day e.g. 12 noon is

(.5 decimal dai

"elasped time" or "runoff time" represents the fourth column of the matrix. It contains
the interval of time between sample collection.

runnﬂ'_timei i= DATZ‘Li L anin

"Q" represents the third column of the matrix, which is flowrate at time of sample
collection in gallons per minute. '

Q,=DATA, ._fﬂ
omin
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Examples of flowrate and runoff time:

e runoff time =

The volume of runoff that entered the basin ts the area under the hydrograph
approximated by the splined curve through all individual flow measurements.

Limits of integration are the elapsed time from start to the end of runoff induced flow:

TIME =30-min, 31-min.. 789-min

*789-min
Tvolume .=} { interp( csplinef runoff_time, Q), runoff_time, @, FIME))d TIME
30-min

The total runoff volume that entered the basin is: Tvolume = 140595 ogal
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Integrated volume of runoff is from the start of the runoff to time €.

t:=30,31.789

-min
volume, ‘= J“l (interp{ csplire{ runoff_time, Q) , runcff_time, @, TIME})dTIME
310-min

Cumulative volume is the integrated volume divided by the total volume

Cumulative loads are calculated using pollutant flux. First the flux is integrated from
time t and then divided by total flux.

Total Phasphorus-discrete sample Total Suspended Solids- COD[-dlﬁS.C[‘BIE
from column zero in matrix discrete sample from sax;np € qu
column 1 in matrix column £ 1n

matrix
. mg
TP.:=DATA, ot mg |
Lo = Lo
i LU hiter TSSI DATAI,I liter C{)]:}1 :EDATALZ'%
: :
1.12; 5232107
0.68'
1.684.|03§
0.29' !
0.79 1387.10°}
1.16010° |}
: 1.02.10° }
g 21 ] v mg
0.99F  liter : liter oD = G
' 690 ] liter
0.88: ;
0.65 1.8.10°
' ]
0.82 2.43.10° ?
0.57; 17
9.61. 587
0.62; 520
0.26; 473
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Pollutant flux is flow x concentration. This shows pounds of pollutants discharged per
minute over the hydrograph.

TPFlux. :=TP,Q, T8SFlux, =TSS5, Q, CODFlux =COD,-Q,

2

5.942.10'4§ I
TPFlux =

TSSFlux = CODFlux =

min

Total pellutant mass loading rate is the concentration times the corresponding flowrate
at which the samples were collected. The mass load is the area under the mass load vs.
runoff time splined curve: :

Length of event in minutes: TIME :=10-min, 31-min.. 78%-min
=789-min

TP LoadT :=J ( interp{ cspline{ runcff time, TPFlux}, unoff time, TPFlux, TIME) )d TIME
30-min

~789.min
TSS_LoadT :=J { interp{ cspline{ runoff_time, TSSF lux}, runoff_time, TSSFlux, TIME))d TIME
30-min
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789-min
COD LoadT :=[ {interp{ cspline( runoff_time, CODFiux}, runoff_time, CODFlux, TIME))d TIM
30-min

The total mass load entering the basin during the rain event for total phosphorus, total
suspended solids, and COD are:

TP_LoadT = 0.724 «lb
TSS LoadT = 906.109 <b

COD_LoadT = 63.379 +b

The integrated mass loading rate is calculated from the beginning of the runoff to time t

*t.min
TP_Load 1= (interp( cspline( runoff_time, TPFlux), runoff_time, TPFlux, TIME})d TIME
30-min
* min
TS5 _Load :=J (interp{ cspline( runoff_time, TSSFlux), runoff_time, TSSFlux, TIME)) d TIME
¢ 30.min
*1-min
COD_Load = } {interp{ cspline{ runoff_time, CODFlux), runoff_time, CQDFlux, TIME})dTIME
A0.min
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Example of cumulative load versus cumulative volume

Fractional Load

0 0.1 02 0.3 04 05 0.6 0.7 08 09 1
Fractional Volume

m— TS&S Load

= TP Load

—— COD Load

Figure G.1: Cumulative Load vs. Volume January 9, 1999 Site 1
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Figure G.2: Cumulative Load vs.Volume March 6, 1998 Site 2
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Figure G.4: Cumulative Load vs. Volume March 6, 1998 Site 4




141

L3315
138 T
1.25 T

L3 T

Fractional Load

i i
1 T
0 0.1 0.2 03 04 0.5 0.6 0.7 08 09 1

Fractional Volume
=TS8 Load
= TP Load
— COD Load

Figure G.5: Cumulative Load vs.Volume March 17, 1998 Site 1
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Figure G.7: Cumulative Load vs.Volume March 17, 1998 Site 3
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Figure G.8: Cumulative Load vs. Volume March 17, 1998 Site 4
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Figure G.9: Cumulative Load vs. Volume January 9, 1999 Site 1
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Figure G.10: Cumulative Load vs. Volume January 9, 1999 Site 2
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Figure G.13: Cumulative Load vs. Volume March 25, 1999 Site 1
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Figure G.14: Cumulative Load vs. Volume March 25, 1999 Site 2
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Figure G.15: Cumulative Load vs. Volume March 25, 1999 Site 3

Fractional Load

i L
0 0.1 0.2 03 04 03 06 07 0.8 09 1
Fractional Volume
w====_TSS Load
— TP Load
— COD Load

Figure G.16: Cumulative Load vs. Volume March 25, 1999 Site 4
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Figure G.17: Cumulative Load vs. Volume July 8, 1999 Site 1
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Figure G.18: Cumulative Load vs. Volume July 8, 1999 Site 2
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Figure G.19: Cumulative Load vs. Volume July 8, 1999 Site 3
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Figure G.20: Cumulative Load vs. Volume July 8, 1999 Site 4
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Figure G.21: Cumulative Load vs. Volume December 6, 1999 Site 1
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Figure G.22: Cumulative Load vs. Volume December 6, 1999 Site 2
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Figure G.23: Cumulative Load vs. Volume December 6, 1999 Site 3
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Example Calculations for Normal and Log
Normal Distributions in Mathcad

Flow data are contained in an ascii file called "Probability TSS_Bite  2." with an
extension "txt". Mathcad command to read that file into the worksheet 1s:

DATA :=READPRN( "Probability TSS_Site 2.txt" )

0

1

2

30 4 ]

176.39

0.957

2,246

0.2 0793}

132.25

0.913

2121

1.7 0238 :

120.54

0.87

2081

28 0441

95.04

10826

1978

3.1 04921

79.29

10,783

:1.899

3.4 §0.53

7.5

10739

11.829

6.6 0817

DATA = 3642

0.696

11.561

(66 .0.R17

29.9

0652

11476

110.6:1.027

25.04

1 0.609

11399

1 10.6 1.027

i | =-jdh|nidiwiang|—~io

18.96

0.565

11278

110.7,1.029

—
=

18.17

0.522

1.259

12,8 1.106

—
—

12.76

10,478

11,106

[1R.2i1.259

—
[, ]

10.68

0.435

1.029

19 11278 |

—
[F)

10.65

10391

1.027

125 11399 §

-
F-9

10.63

10.348:1.027:299:1.476 :

*Note Mathcad shows only 14 of the tota! number of rows in the above matrix to conserve on space

i:=0,1.21  Number of data/row in matrix

Column 0 = TSS values in descending order

Column 1 = ranking of the values

Column 2 = log of the values mdivi
Colurnn 3 = TSS values in ascending order  identified as to the contents.
Column 4 = log values for column 3

DATA is divided up into five
individual vectors. Each column is



N

153

ranked_data i=DATA, —o— = original TSS values in descending order
’ T Acre-in

ranked_data, U\
b = In of each data value

acre-in

In_data, :=In

In_mean ;=mean(In_data} = logmean of the data
In_stdev ;=stdev{In_data) = logmean of the standard deviation for the data

prob, i= i+l = compute the observed probability of oceurrence using the
rows{ DATA) + 1 ranked data
p :=mean{ ranked data) a =stdev(ranked_data)
Ib b ~ .
b =39478« . = mean of ranked data ¢ =49.028—— = std deviation of
acre-in acre-m l'an.ked data
dnorm(x,,0) = normal distribution
pnorm(x,1,0) = cumulative normal distribution
Ib b b
xi=0 am.in‘o'm acre-in 176'4'we.in = variable covering range of yield values, to be us
in statistical distributions
b tb b _ . . )
xi =0 ,0.01 . 180 = variable covering range of yield values, to be ust

acre-in acre-in acre-in iy log normal distribution
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Figure H.1: Cumulative Normal Distribution and Log Normal Distribution for Site 2
TSS
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Figure H.2: Site 1 COD Normal and Log Normal Distribution
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Figure H.3: Site 2 COD Normal and Log Normal Distribution
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Figure H.5: Site 4 COD Normal and Log Normal Distribution
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Figure H.10: Site 1 TSS Normal and Log Normal Distribution
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Appendix I
Examples of the Kruskal-Wallis
and
Mann-Whitney Test
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The Kruskal-Wallis Test

Reference: Statistical Procedures for Analysis of Environmental Data and Risk Assesgment,
Edward A Bicbean and Frank A. Rovers, Prentice Hall, 1998

introduction: The Kruskai-Wallls test Is a genaralization of the Mann-Whitney U test . The
generalization is to k populations whaere k may now be larger than 2. Otherwise the null
hypothesis being tested is the same, that is all groups come fram identical distributions.

In this problem we have paollutant loadings expressed as Ibsfacre/in rainfall frorn four
different catchments. We want to know if it can be assumed that all the values came from
identical distributions OR If the distribution from some catchments are, in fact, different.

H,: null hypothesis - the k populations follow the same distribution

The statements below read in the data from each site as ASCIH files

SITE1 = Q
AATSS Load Paunds per Inch Rain per Acre site 1.t
SITEZ =
fd

AANTSS Load Pounds per Inch Rain per Acre site 2.t

SITE3 =
(=

AATSS Load Pounds per Inch Rain per Acre site 3.6¢

SITE4 =

=
ANTSS Load Pounds per Inch Rain per Acre site 4.0t
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Conditions and assumptions

The Yest Statistic

The Kruskal-Wallis test statistic K is, once again, a function of ranks of pooled data. The
calculation requires many constructs including accounting for tias.

k=4 <==== the number of data sets
n, := length{ SITE1) n, = length{ SITE3)
n, = length( SITE2) n, := length{ SITE4)

22 <==== the number in each sample

N:i=3n N =82 <==== the total number of data points

The computation of K begins by tagging each data set ;

it = 0..no—1 i1:= 0..01—1

SITE1E‘1 =0 SnEzhA =

iz=0.n,-1 i3:=0.n, -1

SITESRI“ =2 SITE4H'1 =3
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Then pool the data by augmenting the four vectors, call the matrix "D". Each vector
must have the same number of rows for the augmentation function to work, this Is why
they are transposed.

T

T

O := augment (SITET , augment ( SITE2 ,augment(srrE:sT,srrEJ)))T

if you scroll through this matrix we have all four
data seots stacked on top of each other. The first
calumn shows the data set number.

Now, sort the data based on the first column of the pooled data matrix D := csort( D, 0).
This produces a matrix with the loadings from all four sites in ascending order. The
“tags™ have been carrled along with the data valuas.

D matrix sorted by column zero

assign ranks using averages when necessary
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[i=1..N - 1 acounter, steps through ali data values

u, = (p<®> :In set u, equal to the first loading value

'n = 0 vector for ranks, set initial value equal to zero

The statement below is a “"conditional”. It takes the first value of the "I" column of the
sarted matrix and compares it to the "i-1" value. IF they are equal then the vector u
remains unchanged. If they are not then the u vector is augmanted with the value. In this
way we create a vector whera each distinct valua occurs anly onte.

. T
R S

Note that the arguments of the augmant function are transposed. This Is usuatly the cases.
It is because the augment function requires vectors with the sama numbaer of rows. Any
transposed vector has 1 row, regardless of the number of olements, and thus any two
transposed vectors can be augmentad.

Scroll through the vector, the resulting u vector
u=02 contains each loading vatue only once

The statement helow is also a “conditional”. it takes the first value of the "I column of the

sorted matrix and compares it to the "i-1" value. iF they are equal then the vector | remains
unchanged. if they are not then the | vector is augmented with the valua of the counter i.

In this way we craate a vector corresponding to the u vector whers sach distinct vajue has
a unique rank.

T
(o> .- if|:(D<°>)i={D<°>)l_1,l,augmant(fr,i) ]
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I=0 note : rank 14 dropped due to duplicate values

Mow craate a variable "' which turna out te be the number of times each distinct value
occurred. This is done by subtracting sequential values of the Index variable.

ji:=0_last(u) -1 f]:= |j+1"l| Fastguy = M~ hamyg

- Define two utllity functlons "freq” and “index” below. These are then applied {0 the

— —_—
freq(n) := (n=u)-f Index(n) := {n=u)-|
I'=0.N-1

D, ,i= !ndax(Dl.u) +1+ (w)

The first few rows of D now look like

Dpart =D

1. first colum is the TSS loading

2. second column is the numbear of the data set the
values came from

3. the third column is the rank of the data value.
Average ranks used for duplicate values

2 08
27'3 ‘05
28.1 05
34t .05
313 05
Now compute the sums of the ranks assigned to each of the K groups.

l=0.k-1
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R, = Ef{l‘.’l':1 = ='-i:J D" This statement separates the data by data set number,

then sums the ranks of the data in each data set. Calls sach value of R and puts
it in a vector.

9

52
9.5
11.5

R =

We are now ready to compute the value of K.

L 12 (RY
K"N.(N+1]'Zi n -3+ (N+1)

4 — K =-248.757 Kruskal Wallls statistic
IP-f computed from the data

The Test: If the size of the sample from each population is at least 5, then the statistic K,

under the null hypothesis, will closely follow a chi-square distribution with
degrees of freedom

df=k - 1 where k is the number of groups, 4 in this case

The acceptance criteria then will involve the chisq function. Further, there is only a
ingle. one-tailed test casa: if K is accaptably small, accept the null hypothesis.

At the level of significance o, ( = = 0.05) the acceptance criteria for the hypothesis that
the k populations follow the game distribution is given by:

We have k = 4 groups, sadf := k- 1 ordf =3 .Woe have already determined the value
of K for the data as K = —248.757 . The critical chi square value is:

qchisq{1 - o ,df} = 7.815
Thus, wa have to accapt the null hypothesis that the loadings from all 4 sites have

Identical distributions. However, note that the computed statistic is very close to the
C[!E_ﬂ_! Vg!l.lﬂ.
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We accept the hypothesis that loadings from all sitas have identical distributions

The picture below shows a xz digtribution having df = 3 degrees of freedom along with
the test's critical value and the chserved K. The critical value in this case was obtained
using the root function. The value obtained is quite closs to that obtalned directly from the
“qchisq"” function abave.

guess = 3

critical_K := root( pchisq{ guess df) - (1 - ), guess)

. _ [compare to 7.81
critical K = 7.789 obtained abova)
x:=0,01.30 plotting value

Chi Square Distribution
0.3

027 : sriical K -

0.24 T\ i :
0.24

0.48 ; —_
0.15 \\ i e cgmputed-K-=-7.698 ——

D.12 . critical K= 7.80
0.09 |—--- \

D-m \ T [

0.03 \

Figure I.1: Chi-Square Distribution
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The Mann-Whitney U Test
A Procedural Example

Introduction

Earller we described a parametric test for comparing the means of two populations using
the Student's t distribution. The Mann-Whitney U tast s, in some sense, a non-parametric
altematjve ta the Student's t test.

Given samples from two populations, the Mann-Whitney U test iz used to test the
hypothesis
Hy:  the two populations follow the same distribution

or

Hy:  there s no significant difference batween the
populations

Bealow we read in two data sets. These are the TSS yields (Ibs/acre/in) for sites 1 and 2
in West Monroe.

SITE1 = 2
ANTSS Load Pounds per Inch Rain per Acre site 1.t
SITE2 ;= )
&

ANTSS Load Pounds par inch Rain per Acra site 2.5

SITE3 i=
- =
AATSS Load Pounds per Inch Rain par Acre site 3.6¢
SITE4 ;=

il
AATSS Load Pounds per Inch Rain per Acre site 4.5
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rows( SITE1) = 18 mean( SITEt) = 23.306

rows( SITE2) = 22 mean{ SITE2) = 38.477

Tha data in the vector SITE1 represents a sample of 18 loadings. Similarly the vector
SITE2 contains similar data, 22 values. We'll use the Mann-Whitney U test ta test the
hypothesis that the two data sets are from tha same population.

Conditions

Since this is a non-parametric test, we need no assumptions about undertying poputation
distributions so therse is really only one condition which must be satisfled te conducta U
test

i) you must have two samples randomiy selected from sach of two populations where
you wish to datermine, with some uncertainty, whather the populations are the sams,

Thea Test Statistic The Mann-WWhitney U test works as follows
» first lump the two sets of data into a single group
+ rank the pooled data
+« compare the sums of the ranks fram 1 population with that of

the other. Under the assumption that the two populations are
the sama, the two rank sums should be close.

it is for this reason that the Mann-Whitney U test is also known as the rank-sum
test.

Conducting the U test requires three computationa:
« the Mann-Whitney statistic, denoted by U

« the theoretical mean of U assuming the hypothesis
of identical distributians. Wa denote this mean by Upaean

« the theorstical standard deviation of L}, assuming
the hypothasis of identical distributions. We denote
the standard deviation by s .
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We'll axplain the computation of each, in turn.

Computing U First determine sample sizes
nt ;= length{ SITE1) n2 = length{ SITE2)

nt =18 nZ =22

We nead to pool the data for ranking but wa don't want to lose track of which group
what data came from, 8o we first attach a tag to each piece of data to remember its

group.

i=0.n1-1 j=0.n2-1

5‘:!'!'E1L1 =1 SITE2|'1 =2

SME1 =
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Now poal tha data into a single array by augmenting the matrices

T
D := augment{sTe1’  sTE2")
sort on the first column for ranking purposes D = csornt(D Q)

A lock at the first few entries in the two columns of D shows how our tagging has kept
track of the data groups after pooling. The first column is the ranked data. The second
column is the number of the data set it came from.

0.2
0.7
1.7
EI
2.8

3.1
34

3.9]
4.2

[ rol po| =t pa] =] M]. o

We now need to assign ranks to each elemaent, assigning the average rank to tied data.
The rank will be stored in tha third column of D. This is a several step process.

First we create a vector of the distinct values amang the data

li=1.n14+n2-1 Uy = (D‘“’)o z,:= 1
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and the Indices of whera they first appear in D
ID =0

lco-b- = I (D‘“’)Ia(u‘“’)

=1 I,augmant(iT ,I-z)T]

The frequancies of each value within the pooled sample can be found easily

k:i=0_last(u) -1

LRl PIPLN
'lut(u) =n14+n2— Ihﬂul

Look at the vectors u and f. The voector u shows the distinet values of the data while
the vector f shows how many times that value occurs in the data set

Fi ‘ [ ’; = :_.

30.2.0.7 1.7 1.9,2

Woe define two utility functions
— —
freq(n) := n=u-f index{n) := n=u-|

and wa're ready to assign ranks

i=0.n1 +n2 -1

D, ,:= index(D, ) +1+ (w.%d’)i)

t.et's look at a portion of D

rows: r=0_12 columnsc.=0..2

Dpart =D

r.c r.c
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column 1 data value
column 2 data set valya came from
column 3 rank of data value

Dpart =

Continuing our computation of the U statistic, we sum the ranks associated with
group 1

81 := £(D%V” =1 .0 $1 = 364.5

s2:- (01> a2).0?> §2 = 465.5

and computa

Uqi=[ntnz, MM+ ] gy U =2125
z
4o (n241)n2
Ugiznin2yi——— - 82 U 5= 183.5

And that's the computation of the Mann-Whitney statistic L.

Computing Umean

Necessary for conducting the rank-sum test is the mean of the U
statistic which we denote by Umean . This is an easy computation.
The formula ls '
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nl-n2
expectod value of Umaan u mean = 5

the product of the sample sizes divided by 2.
For our datawe hava U .. = 198

The last piece needed for the rank-sum test s the standard deviation
Caomputing sy of U which we represent by s, This computation is a |ittle more

complicated than the mean.

We define N as the total number of data points

N :=ntf+n2

Naxt we compute a guantity which accounts for the variance due to ties In the data.
This uses the frequency vector computed earlier.

Now we compute the standard deviation of the Mann Whitney Statlstic:
8 - Use 2 different computation equations to be aure they compute the

sama thing.

| nt-n2 (N’-N

8y = . - T| resultsin s = 38.778 ref: Mathsoft
JN(N-1) | 12

sy = nln2-(nl+n2 1)_ results In 8 (jo = 36.783 reference: Mendenhall 7th

12
Edition, | ion to P, bil nd § ti

These two equations provide assentially the same answer. Thus we are ready ta
describe tha Mann-Whitney U test
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The Mann Whitney U test approximation for large samples, i.e. n1 and n2 > 10

1t has been shown that the statistic U approximately follows a normal
distribution as soon as the number of data points gets at all large, say

n1z10 n2z10 nl =18 n2 =22
and 80 we usae the normal distribution to camy out the test.

For reasons wa'll give Later, the U test Is typically performed as a
two-tailed tast. The test criteria, then, at the o leval of significance Is

nt.n2
U, -
l 2 T2
z 5 =i
| n1-n2-("1+"2+1}
1 12

z, =039 The acceptance value for 2, is qnorm(.975,0,1) = 1.96

Thus, we accept the hypothesis that the TSS yields from SITE 1 and SITE 2 have
Identical distributions

Let's ook at this graphically.

The graph helow shows the theoretical distribution of U, the observed test
gtatistic U.
U = 200 a = .05

pnorm(u 2.Y mean-® U) =03{1-a) =095

ct = rbot[pnonn(u,u mean+8 ) - (1 - %) ,u] el = 269.618

B 1-uU
U := 0,10 590 U mean = 198 - " mean _,oar
Sy
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probability distributions for U

/:L\ ............ I P
-

Ji

i A
4
f/

F Fl

S i
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- | —

50 10 180 200 ¥ 300 k-1 400 454 g

- normal probability distribution for U

cumulative probability distribution for U

U := 50, 51..550

=0.05

Figure 1.2:

at 120 180 245 04 lag 420 480 540 ]

Mann-Whitney Theoretical Distribution of U



Appendix J
Recorded Rainfall Events



Table J.1: Recorded Rainfall Events
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Date Time Rainfall Amt.(inches)
2/18/88 8:45pm-9:25pm 0.14
2/20/68 7:50am-7:55am 0.57
2/22/48 6:20am-12:55pm 1.2
2/26/98 3:35am-10:45am 1.558
3/4/98 10:45am-11:01am 0.07
3/5/98 7:45pm-8:38pm 265
377198 7:14am-B:53pm 295

No fiow data from 3-5-98 to 3-11-98
esse 2:38pm-6:46pm 2.39
3/31/88 7:51am-10:09am Q.15
4-2-98 to 4-3-98 7.08pm 4-2-98 - 12:48am 4-3-98 .23
4/18/98 2:.05am-5:30pm 2.03
4/27/98 1:20am-3:10am a1
4127198 B:45pm-11:10pm 4.47

5498 12:25am-3:08am 0.98
572928 2:10pm-2:40pm - (.27
6/5/98 2:10am-3:55am 0.189
8/5/98 10:35am-11:50am (.46

6-5-98 to 6-6-93 6:20pm-2.00am 1.28
6/15/98 12:25am-12:40am 0.08
6/15/98 8:30pm-8:40pm 0.04

7/1/98 4. 55pm-8:40pm 0.21
7/2/98 8:55am-10:15am 0.2
7/9/98 5:10pm-5:25pm 0.28
7113498 7:20am-10:05am 0.7
7121198 4:45pm-5:45pm 0.55
72598 6:10pm-8:18pm 2.12
8/6/98 8:50pm-10:50pm 0.46
8/12/98 8:40am-4:40pm 1.47
8M3/8 1;25pm-2:50pm 0.65
B8/14/98 &:00pm-E:40pm 0.33

9-11-98 to 9-12-58 2:25am-6:35pm 7.08
9/13/98 1:450m-2.20pm 0.08
9/14/498 4;05am-9:30am 0.73
9/18/98 8:50pm-9.50pm (.58
9/18/98 2:05pm-3:30pm 0.51

12798 6:20am-12:35pm 0.28
1/6/68 11:00am-3:35pm 0.4
10/19/98 12:20am-2:50am 0.48
10/20/08 5:55am-9:40am 0.25
11/1/98 8:55pm-10:50pm 117




Table 1.1 (continued): Recorded Rainfall Events
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Date Time Rainfall Amt.{inches)
11-7-96 ta 11-8-88 11:45am-B:20am 2.03
11/10/88 5:40am-8:50am 0.28
11-12-98 to 11-13-98 10:20am-8:40am {.88
11-13-98 to 11-14-98 4;00pm-12:55pm 2.74
11720/88 5:40am-7.25am 0.55
12//98 1:50am-5:45am 0.57
12-10-98 to 12-12-98 10:25am-6:05am £.09
12-18-98 to 12-15-88 9:25pm-12;55am 0.96
12-21-98 to 12-22-98 9:20pm-2: t0am 0.8
12/25/58 11.30am-1:35om 0.19
12/26/98 10:10am-2:15pm 0.24
12-27-98 to 12-28-98 6:40pm-12:30am 0.77
1/1/869 11:30am-7:35pm 0.9
1/2/99 12:50am-6;15am 2.29
1-7-99 to 1-8-99 10:05pm-1:1Dam 0.19
1-9-99 to 1-10-98 3:25pm-2;50am 1.88
1/21/99 9:45pm-10:40pm 0.32
1/22/99 5:15am-1.15pm 3.56
172298 12:10pm - 1:15pm 0.24
1/28/99 8:50am - 10:50am 0.33
1-28-99 to 1-30-99 3:50pm 1-28-89 {o 6:25am 1-30-99 10.74
2/11/1999 to 2-12-99 9:25pm 2-11-99 to 12:30am 2-12-88 0.23
2117199 2:25am - 6:05am 0.26
2/20/99 5:30pm - 7:20pm 0.06
2/26/99 7:.05pm - 7:10om Q.08
2727199 2:15pm - 3:30pm 0.85
32/99 6:30pm - 8:05pm 0.63
/899 5:35pm - ¥:40pm 189
IM1/39 8:50am - 12:30pm Q.12
/89 11:50am - 5:10pm 0.92
anyaa 2:40am - 2:30pm 1.99
4559 5:15am - 6:50arm 0.07
3r20/99 2:10am -2:35am 0.04
3124/99 4:25am - 5:40am 0.31
H25/89 1:20am - 3:.43 am 0.89
3/28/99 7:00pm B8:35pm 0.07
3/20/99 103/30/1999 7:40pm 3-29-99 to 11:40pm 3-30-99 1.87
4/3/29 ip 4/4/99 7:25pm- 2:10am 2.19




Table J.1 (continued): Recorded Rainfall Events
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Date Time Rainfall Amt.{inches}
4-4-9§ to 4-5-99 4:30pm - 12:00am 2.65
4/5/89 4:15pm - 10:25pm 0.06
4/15/89 3:35pm - 6:45 pm 2.33
4/26/99 2:20pm - 4:00pm 0.44
5/3/99 3:556am - 6:05 am 0.02
5/i4/89 4:40pm - 5:00 pm 0.03
5-4-90 to 5-5-99 10:50pm - 12:45am 1.18
S5M0/99 12:55pm - 3:40 pm 0.08
5M7/99 10:50pm - 11:55pm 0.33
5/30/99 1:05pm - 1:30pm 0.04
5-30-99 to 5-31-98 11:00pm - 12:55am 0.32
6/9/99 6:30pm - 6:35pm 0.04
&6/10/99 4:50pm - 7:40 pm 0.18
6/11/99 6:25pm - 7:45 pm 0.03
&M2199 &:00pm - &:50 pm 1.95
68/14/99 &:15pm - 11:10pm 1.7
6/22/99 1:50pm - 5:05 pm 1.62
6/23/99 10:45 am - 3:20 pm 1,22
B/24/99 12:20 opm - 3:60 pm D.12
6-24-99 tn 6-25-99 7:10 pm - 1:20 am 2.29
6/25/09 12:05 pm - 12:10 pm 0.03
6/25/99 3:50 pm - B:10 pm 1.17
6/26/98 7:55 am - 10:05 am 0.04
6/26/98 5:20 pm - 11:30 pm 29
6/29/99 8.20 em - 8:.45 am 0.29
713198 7.05 pm - 710 pm 0.Q7
777198 110 pm - 2:10 pm 1.44
719/99 12:35pm -2:35pm Q.51
711/39 2:50pm - 6:35pm 0.39
711299 5:25am - 7:40am 0.12
7H3/88 9:10pm - 11:40pm Q.42
810/99 F:10pm - 4:25pm 0.23
BI24/945 1:00pm - 3:45pm 1.19
_27/39 §:50am - 8:45am 0.74
Q31499 7:00pm - 7:15pm Q.05
9/1/99 1:55pm - 3:35pm 0.98
9/2/88 3:35pm - 4:50pm a.07
9/5/99 3:45pm - 4:05pm 0.79
9/5/99 7:.05pm -11:10pm 0.07
9/6/99 11:50am - 1:40pm 0.07
918199 8:20am - 11:30am 0.4
g9/8/99 8:10pm - 9:00pm 0.18
92899 2;50pm - 9:45pm 2.19
9/25/99 3:35am - 6:05am 0.22




Table J.1 (continued): Recorded Rainfall Events
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Date Time Rainfall Amt.(inches)
10/7/99 3:05pm - 9:45pm 0.18
10/8/99 4:55pm - 8:10pm 0.84
10/8/89 11:00pm - 12:05am 0.02
10/19/99 Z:.45am - §:55am 0.29
10/26/98 11:10am 0.03
10/31/69 12:00am - 3:05pm 0.18
10/31/99 4:20pm - 11:30pm 0.09
11/18/89 10;05pm 11-19 to 11:35am 11-20 0.4
11/23/29 12:25pm 11-23 to 12:20am 11-24 0.58
11/25/99 6:20am - 11:40am 0.18
12/3/89 1:45am - 9:45am Q.18
12/3/89 3:50pm 12-3 to 7:30am 12-4 0.54
12/4/99 7:40pm 12-4 to11:05am 12-5 1.42
12/9/99 3:55%pm 12-9 to 2:40am 12-10 Q.79
12M12/99 6:35am - 7:20am 0.05
12/12/99 1:05pm - 11:55pm 0.1
12/13/88 12:25am - 11:15pm Q.57
12/14/99 12:00am -11:25pm 0.67
12/15/99 12:10am - 12;10pm 0.14
12/18/99 2:30am - 6:25pm 0.84
12/20/99 4:450m - 11:35pm 0.84
173/00 9:50am - 5:20pm 0.46
1/8/00 5:30am - §;:55pm 0.51
1/9/00 10:15pm 1-9 t0 3:55 am 1-10 0.25




Appendix K
~Site Comparison for
Pounds of Pollutants Discharged
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Table K.1: COD Site Comparison Pounds and Basin Efficiency

198

Site 1 Site ZCOD Site 3COD  Site 4 COD  Basin Efficlency
Data Total tbs Total Ibe Total Ibs Total Ibs %
2/11/98 211 1,168 118.07
222198 4,345 1,124 -288.57
2/23/98 40.68 1,864 127 820 -92.54
3/6/98 358 10,745 1,147 23,041 57.06
4/15/98 208 667 £58.82
4/18/63 14 2,376 147 1,445 ~48.37
815/98 B8 51 -72.55
6/7/98 5,776 111 1,491 -260.55
8/10/28 1.84 704 22 56 -500.21
9/13/88 73 7216 7 3610 -81.89
B/14/88 623 93 157 -109.20
11/13/98 25 969 25 -3766.00
12/11/98 42 1,458 134 584 g7
1/9/99 74 9,079 385 2,136 -257.20
3/3/88 33 38 14 £60 44.15
3/25/9 &7 845 75 984 17.09
4/15/99 314 4,670 223 3,976 2374
5/5/99 35 1,316 44 1,751 28.64
6/14/99 380 6582 123 813 87.74
62359 156 2,142 272 3,886 52.24
7/8/99 51 1,584 43 2,546 48.71
929/99 221 857 B85 1.484 $3.72
12/6/98 40 900 1 940 11.43
Basin Efficlency Comparison - Overall Project and Yearly
Site 1 Site 2COD SHe3ICOD Sie4 COD Basin Efficlency
Total lbs Total Ibs Total lbs Tota! Ibs %
Totals Overall 2114.02 68,798 4,661 52,6547 0.78
Total 1898 743.02 36,272 3,268 33,071 2.22
Total 1889 131 22,623 1295 19,476 -1.83
Total After D I 1297 13,444 910 17340 33.44

* Basin Efficiency = ((Site 4+5ite 3)-(Site 2-5ite1)) X 100
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Table K.2: Total Phosphorus Site Comparison Pounds and Basin Efficiency

2060

Sita 1 Site 2 Sita 3 Slte 4 Basin Efficlency %
Date TP Iba TP Ibs TP ibe TP Ibs Par Rain Event
2122198 0 57.55 0 0 ]
2123198 0.3 24 1.47 11 -89.98
648 4.71 235 12.4 210 -3.58
A1 588 0 3 0 18 B3.33
4719798 0.19 40 1.43 kY] 12.36
/5188 0 0.54 0 (.85 3r.21
6/7/88 0 134 1.13 54 -1852.07
Br1Q/as 0.044 52 0.35 3.76 -1164.14
9/1.3/98 1.23 138 58 56 -118.07
9/14/98 0 ) 103 4.3 -68.88
11/13/88 o.M 11 0 0.53 -1973.58
12/11/98 0.49 50 1.24 29 -£3.72
1/9/9% Q.82 206 472 4.8 -350.75
313/99 0.45 11 0.12 115 B.21
3/25/89 0.3 . 268 0.45 18.7 -33.73
41 549 3.0 107 4.8 12 -35.40
5/5/99 0.24 J6 0.55 455 22 .35
8!_14!99 3.55 12 121 115 33.52
6723799 1.64 23 38 90 77.23
7/8/99 0.58 57 0.9 83 32.?;‘3r
9/29/99 378 20 0.54 57 71.97
12/6/99 Q.715 19 0.23 17.5 -3.13
Basin Efficiency Comparisan - Dvarall Project and Yoearly
Site 1 Slte 2 Site 3 Site 4 Basin Efficiency
TP Total lbs TP Total lbas TP Total lbs TP Total lbs  Site Comparison
Totals Overall Project |  22.139 1269.09 42.57 820.35 44.50
Total 1998 6.984 752.09 24.86 3r2.8s -87.35
Total 1999 15.186 517 17.72 447.5 -7.87
Total After Dredging 14,335 311 13 406.7 29.31

* Basin Efficiency = ((Site 4 + Sita 3)-(Site 2- Site 1) x 100
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Table K.3: Total Suspended Sotids Comparison Pounds and Basin Efficiency

202

Site 1 Site 2 Site 3 Site 4 Basin Efficiency %
Date T5% tbs TSS lbs TSS lbs TS3 lbs Per Rain Event
2111188 240 7,919 103.03
212298 13,5560 6,244 -117.58
2/23/98 185 7,174 356 1,686 -211.73
36/98 14 893 281,248 18,6834 211,31 -20.19
4/15/98 2238 16,285 86.27
4/19/98 68 19,338 227 16,533 -14.98
8/5/68 70 535 86.62
67168 99 870 924 33,254 -197.43
8/10/88 535 80,974 220 22613 -252.29
9/13/98 1387 331,361 748 182,220 -80.35
9/14/08 2,231 86 7,882 71.28
11/13/98 84 12,690 1,094 -1072.38
12/11/08 815 28,578 179 10,524 -159.38
1/0/99 985 221,350 1446 &4 304 -234.73
3/3/99 822 8400 29 12,208 53.13
325189 1628 20 148 143 33,528 18,27
4115199 5274 142 614 1,700 165,018 17.68
5/5/99 1.130 31,005 358 686,812 55.52
8/14/99 7 448 8,110 820 5,008 70.47
8/23/98 3,987 43 045 1,564 143,476 72.45
718/99 5623 35 444 432 106,350 67.39
9/29/98 4130 12 515 323 28,568 68.82
1216189 853 13,244 214 42 184 70.77
Basin Efficiency Compariscn - Overall Project and Yearly
TSS Site1 TSSSite?2 TS8S8ite3 TSSSHad Basin Efficloncy
Totat lbs Total ths Total lba Totai Ibg.  Site Comparison
Totals Ovarall 44847 1,434,228 38,822 1,178,908 -44.70
Total 1998 18187 889,665 28,693 510,171 £1.70
Total 16909 26680 544,673 6829 865,837 2297
Total After Dredging 25005 323,323 £383 801243 50.54

* Bagin Efficiency = {(Site 4 + Site 3)-(Site 2-Site 1) x 100
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Table K.4: NQ» Site Comparison Pounds and Basin Efficiency

She 1 Bita 2 Site 3 Sito 4 Total
NOs (Ibs Load) NO3 (e Load) NO3{ibs Load) NO:2 {ibs Load) Banin Efficlency
Derto Compoaite Composite Composite Composis %
22208 419 es 0
2238 5.67 192 10 144 -20).89
3/6/68 17 646 47 654 10.27
411508 23 peK: £.48
4158 22 248 12.4 120 -85.83
/588 66 14 -247.37
B/7/88 285 7.5 45 -442 86
21098 0.88 1185 3.79 8.13 B86.74
8/13/88 28 2486 8.78 84 -185.14
1458 338 20 22 20.00
12/11/98 216 178 8.5 5545 -166.11
1/5/29 4.46 790 1.26 180 -334.58
ot 7.78 (0] 38 846 31.80
W25/85 10,71 178.7 8.78 142.89 1217
41599 83.27 1979 82.5 1,167 5210
5/5/80 B60.8 1955 §1.8 2,218 16.83
1499 127 535 26 153 -24.19
6/2399 7.23 Mz ) 649 55.24
7899 10.9 491 19.5 T85 30.80
8/29/99 11 a7 278 149 63.10
12/6/40 04 10.5 0.19 8.7 -2.12
Baaln Efficlency Comparison - Overall Projoct and Yoarly
She1 Sitn 2 Sita ¥ o4
NO3 (Ibs Load) NO3 {the Loat) NO3 (lbs Load) NOj (Ibs Load) Basin Efficloancy
Composita Composhe Composite Composite Site Comptarfzon
Total Overall 220.78 45128 43228 8,739 -16.64
Total 1983 3.5 23883 1168.97 1,224 -76.13
Total 1969 189.28 §116.2 J13.41 5,516 =188
Total After Dradgling 1549 §326.2 31215 5338.20 B.88

* Basin Efficiency = (Site 4+Site 3) <Site 2-Site 1)) x 100
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Table K.5: NH3 Site Comparison Pounds and Basin Efficiency

206

She 1 Site 2 Sie 3 Sl 4 Total
NH: {lbs Load) NH3 {ths Load} MNHi ((bs Load) NH3 (Ibs Load} Basin Efficloncy
Date Composite Composite Composite Campoalte %
2122198 256 71 -260.56
2/23/98 1.28 120 6.6 26.5 -258.87
415/88 28 181 82.61
4119/98 0.86 307 2.8 198 -52.46
6/5/88 0.99 585 83.35
6/7/98 118.5 0.65 13 -B01.14
B8H1O/98 0.27 55.6 0.27 238 -129.87
/1398 0.88 126 559 a4 -151.84
8/14/98 10.3 1.07 8.4 876
1413108 0.08 18.9 0.7 -2550.70
12411798 0.506 18.9 1.17 8.87 822
1/8/98 0.28 50 0.75 12 ~29a.04
3390 n.za 3.8 0.11 6.1 43.32
3/25/88 2.12 23.44 2.51 18.4 -25.87
4/15/98 B3 146 5.67 81 -651.37
/5100 0.25 12.8 0.34 31 58.92
614799 1.61 4.65 .59 234 §7.2%
6/23/99 1.04 38 35 43 20.52
7/8/08 2.58 21 003 41 55.07
9/25/99 0.24 0.51 0.72 4 94.23
12/6/98 0.01 3 0.12 2.5 -14.12
Basln Efficiency Comparison - Overall Projoct and Yaarly
Site 1 She 2 Site 3 Slte 4
NH3 (ibs Load) NHS {ibs Laad) NH3 (Ibs Load) NH3 {Iba Load) Basin'Efficlency
Composite Composis Compoalts Compostte Sits Comparison
Total Overall 18,6866 13884 3348 -57.61
Total 18848 3.850 10€0.19 18.26 681 -H2.43
Total 1999 14.71 308.21 161 282 -5.82
Total After Dredging 14.43 268.21 14.48 250,26 7.1

* Basin Efficiency = ((Site 4 + Site 3) - (Site 2 - Sie 1)) x 100
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Table K.6: BOD Site Comparison Pounds

Date | Site1 | Site2 | Site3 | Site 4 |Basin Efficiency %
2122198 0.00 509.20 0.00 145.66 -248.58
2123198 | 029 | 14450 | 89 91.00 44.35
6/7/98 0.00 1517.52 0.00 58.65 -2578.64
8/12/08 4.57 18.84 8.21 432.16 96.52
12/11/98 207 190.66 8.57 65.23 -152.13
325/99 2.93 124 .47 5.98 73.25 -53.40
61499 | 3137 | 9408 | 1164 7.08 23487
Total lbg 41.23 |2600.24]| 42.30 | 871.02 -180.18

208
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